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, PREFACE 

The first edition of Muir and Ritchie’s ' Manual of Bacteriology ’ was 
published fifty-one years ago and it is eleven years since the last, a further 
edition having been delayed by the circumstances of the War. In this 
'period the number and extent of the advances in almost all branches of 
the science have been so great that it has proved impossible to preserve 
the original treatment of the subject and at the same time to retain the old 
format. Accordingly, the whole book has been recast and set on a larger 
page, while the proportion of small type in the text has been much reduced, 
we trust, with advantage to the reader’s comfort and convenience Also, 
the opportunity has been taken to rewrite as well as to rearrange the matter, 
so that practically all the chapters are new in greater part At the same time 
it has been a chief object to preserve those characters to which the book 
owed its great popularity. Thus in each section we have aimed at giving 
a critical survey of knowledge up-to-date, along with an account of the 
basic information yielded by laboratory and clinical investigations How- 
ever, in these daj's when book-production is subject to much delay, the 
reader must accept that. since paging of the type began early m 1948, it 
has not been possible to incorporate many additions to knowledge after 
that time While emphasis is laid principally on those micro-organisms 
responsible for diseases m man, the infections of animals also receive atten- 
tion, owing to the two being so closely associated As hitherto, fungi and 
protozoa are included along with the pathogenic bacteria and viruses, because 
they all show great similarities m the pathological changes produced , 
also similar methods are employed for their investigation We are indebted 
to Dr. Cranston Low for contributing the chapter on Pathogenic Fungi. 
The increasing importance of Viruses has necessitated a great extension of 
the space allotted to these agents. The chapter on Chemotherapy also has 
been enlarged so as to include a fuller discussion of the biological aspects 
of the subject. The account of general laboratory methods has been removed 
to an Appendix. It has been decided to retain this section, because informa- 
tion on the practical work involved in investigating infections is essential 
for a proper understanding of the results. 

The question of bacterial nomenclature and taxonomy has received 
senous consideration -Of late some bactenologists have regarded the old 
and widely used ivord BasfUus to designate any rod-shaped organism, eg. 

' Baalhis typhosus ' or the ‘ typhoid bacillus as out-of-date. They would 
restrict the term to aerobic spore-beanng organisms, while employing 
Bacterium as tjie name of a group of Gram-n%ative non-spormg rods , and 
this usage is prominent in recent British writings. But all Schizomycetes 
have long been referred to as bacteria, and the science derives its name 
from the word Again, American systematists, as represented m ‘ Bergey’s 
Manual of Determinative Bacteriology have given much attention to a 
classification which, so far from being defimtive, has undergone considerable 
alterations in successive editions Other recent writers of textbooks etc. 
have been eclectic, but none has produced a wholly acceptable system. 
Accordingly, at the risk of being considered old-fashioned, we have retained 
for the most part the nomenclature of previous editions of Muir and 
Ritchie’s ‘ Manual ’, w'hich at least leaves the reader in no doubt about 
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the identity of the organisms referred to. However, in the headings of 
chapters and sections dealing with particular bacteria, the genenc and 
specific names adopted in ' Bei^ey ' have also been given in most cases. 

We acknowledge with gratitude the advice of colleagues in regard to 
special sections, and would mention particularly Professors D. V. Cappcll 
and A. C Lendrum, Drs. T. Anderson, W. B. Kyles, I. R. W. Lorhinski, 
Janet S. F. Niven and R. D. Stuart, and Mr. J. M. Scouller. Thanks 
are also due to Dr K. M. Calver for her very great help in preparing the 
work for the press and to Dr. M. W. Lcckie for her assistance with proofs. 

Figs. 224 and 225 are reproduced by permission of the Controller of 
H.M. Stationery Office. 

C. H. B. 

T. J. M. , 

November, 1948. 
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TEXTBOOK OF BACTERIOLOGY 


CHAPTER 1 

GENERAL MORPHOLOGY AN!) PHYSIOLOGY 
OF BACTERIA 

MrcKO-oRGANiSMS wcrc first seen by Lcemvenhoek on exami'nmg water, 
femented fluids, materials from the mouth, intestine, etc., by means of 
microscopes which lie himself manufactured ; and in 1C83 he figured differ- 
ent types of bacteria present in material from between the teeth. The fact 
that some were motile caused them to be accepted as living creatures, but 
their significance long remained obscure, because it was generally believed 
that life, at least of the lower kinds, could arise by spontaneous generation 
from dead matter. It was not until the work of Pasteur that proof could 
be brought concerning the causal relation of such minute forms of life to 
the processes of fermentation and putrefaction and of infective diseases. 
Pasteur demonstrated that spontaneous generation of Jiving micro-organisms 
does not occur. A simple and conclusive experiment which he performed 
W’as the followang Flasks were partially filled with solutions which de- 
compose readily, sucli as yeast extract and sugar, urine, etc. Then the 
necks of the flasks were softened by heat and drawn out into narrow curved 
ends with several bends, but not sealed. Finally the flasks w’ere heated 
until boiling occurred and steam escaped actively for some minutes. It was 
found that the contents of these flasks remained unaltered indefinitely 
although the air had free access to their interior. Accordingly it follows 
that the presence of living mlcroHsrganisnis in any material is due to their 
introduction in the living state and subsequent multiplication under suitable 
conditions. The micro-organisms which are responsible for the infective 
diseases of man and animals include pnmitive forms, both of the plant and 
animal kingdoms The causal agents of very many of the infective conditions 
in countries with temperate climates are bacteria, which are accepted as 
being among the lowest forms of plant life ; and with these we are chiefly 
concerned. In addition, however, other plant forms, corresponding to the 
moulds and yeasts, namely, true fungi, and also the lowest members of the 
animal kingdom, the protozoa, require consideration in view of the occur- 
rence among them of many pathogenic spedes Classification of unicellular 
organisms is difficult, and has been the subject of much controv’ersy. Certain 
micro-organisms are also difficult to assign to either the plant or animal 
kingdom. General agreement amongst systematists is, however, now being 
attained and the principles of classification are becoming stabilised, though 
there still remain matters of doubt. Further, it is now well recognised that 
various important and prevalent diseases are due to ' viruses ’ which are 
not demonstrable by ordinary methods, owing to their size being below the 
limit of resol ‘ ' 

viruses. Sue 
property of 

often known as filterable viruses ozfiUer-passers. Ihese terms nave, iiuivevei. 
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only a relative significance, as some of the filterable viruses have recently 
been defined as very minute microscopically visible bodies ; also, a particle 
may pass through or be retained according to the character of the filter, 
conditions of filtration, etc. ; further, some organisms which arc micro- 
scopically visible may pass filters under certain circumstances. The question 
whether these viruses are living organisms has been a matter of controversy, 
and constitutes one of the most interesting and fundamental of biological 
problems. The more important diseases produced by the filterable viruses 
will also receive consideration. 

The bacteria collectively form the class designated Schizomyceles. They 
are unicellular organisms of various forms, most of which are devoid of 
chlorophyll, and without a nucleus which can be differentiated by ordinary 
methods . and they multiply m general by simple fission ; some are motile, 
others are non-motile. They arc of comparatively simple structure and in 
one system of classification have been arranged in tvs'o main subdivisions — a 
lower and simpler, and a higher and more organised. The study of bacteria 
IS greatly aided by the fact that in many cases they can be grown on artificial 
media and that by this means pure cultures of a single species can be obtained. 

The loxcer bacteria or Euhactena arc the more numerous, and are minute, 
relatively undifferentiated masses of protoplasm, which produce similar cells 
by simple fission. Some are motile, .othcre non-motile. Their minuteness 
may be judged by the fact that in one direction at least they usually do not 
measure more than 1 /« millimetre or inch). These forms can be 
broadly classified according to their shapes into four maih groups— <1) A 
group in which the shape is approximately globular. A member of this is 
called a ' coccus (2) A group m which the shape is that of a straight rod — 
the proportion of the length to the breadth of the rod varying greatly among 
the different members This form is called a ' bacillus ’. (3) A group in 
which the shape is that of a curved rod (‘ vibrio ') or a non-fle.xuous spiral 
filament {' spirillum '). (4) A group of filamentous fle.xuous organisms show- 
ing undulations or true spirality. An organism of this type is designated a 
‘ spirochate ' There has been much dispute with regard to the classification 
of this last group JIany of them have been regarded as protozoon-like and 
belonging to the animal kingdom , they are now, however, generally placed 
amongst the bacteria. Further, all the spirochetes have been grouped in 
the American classification as a distinct order of the Schizomycetes co-equal 
with the Eubacteria (p 45), A detailed description of the characters of ' 
those groups will be more conveniently taken later (p 37 et seq.). In some 
cases, especially among the bacillary forms, there may occur under certain 
circumstances changes in the protoplasm whereby a resting phase or spore is 
formed. It should be noted that while many species of bacteria are very 
constant in their microscopic appearances, others show marked differences 
depending on conditions affecting their environment and the age of the cul- ‘ 
ture. Such pleomorphism, as it has been termed, may be a source of difficulty 
in the identification of organisms. 

The higher bacteria consist of filaments made up of simple elements such 
as occur in the lower forms. These filaments may be more or less septate, 
may be provided with a sheath, and may show branching, either true or 
false. The structure of the elements compnsing the filaments is analogous 
to that of the lower forms Their size, however, is often somewhat greater. 
The higher bacteria show advance on the lower along two lines (1) While 
the lower forms sometimes occur in filaments, ev’ery member of the filament 
is independent , but in the higher forms a certain interdependence among 
the individual elements is apparent. For instance, growth may occur only 
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at one end of a filament, the other forming an attachment to some fixed 
object. (2) Tlie higher forms present this further development, that in 
certain cases some of the cells arc specialised reproductive units. 

The relations of the bacteria to the animal kingdom on the one hand and to the 
plants on the other constitute a difficult question They may be regarded as a group of 


alga:, and the bacteria To the lo«er algse the bacteria show many similarities These 
alg® are unicetlular masses of protoplasm, having generally the same shapes as the 


F 

h , 

these algaa and the bacteria, and from the fact that fission plays a predominant part in 
the multiplication of both, they were formerly grouped together in one class as the 
Schizophyta or splitting plants Of the two dmsions forming these Schizophyta the 
splitting algae have been denominated the Schizophyceas, while the bacteria or splitting 
fungi have been called the Schizomycetes 


GENERAL MORPHOLOGY OF THE BACTERIA 

On account of the minute size of bacteria high magnifications are recjuired 
in order to see details of structure. But mere increase m size is of little value 
unless there is high resolution, i e. capacity to distinguish closely adjacent 
points With the ordinary compound microscope the best optical systems 
practically do not permit of resolving two points which are under 0-2 
(0 0002 mm ) apart, although much smaller objects can be seen Thus no 
advantage is gained by magnification beyond about 2,000 diameters By the 
use of ultraviolet light points O-l (t apart may be resolved, this permitting a 


electron microscope has also been used In this apparatus rays of electrons 
moving at high velocity are concentrated on to the specimen, which must be 
dry and supported on a very thin film of mlro-cellulose. The electrons 
which have traversed the object are ‘ guided ’ by magnetic fields produced 
by’ coils of magnetised wre ; these act like the objective and eyepiece lenses 
of an ordinary microscope Finally the electrons strike a fluorescent screen 
or a photographic plate The whole apparatus works i« vacuo. The high 
resolving power of the electron microscope permits magnifications of upwards 
of 180,000 diameters, but 10,000 is a practical optimum for detail 
' Microscopic structure. ^Vhen examined under the microscope, in their 
natural condition in a watery medium, bacteria appear merely as fairly ngid 
colourless refractile bodies of the different shapes named Spores, inclusions, 
and motility, when these exist, can also be obser\’ed, but little else can be 
made out For detailed investigation advantage is taken of tlie affinity of 
bactena for various stains, espeaally basic aniline dyes winch stain intensely 
the nuclei of cells Usually bacteria are killed before staining, either by heat- 
ing a thm film dried on glass or by chwmcal fixatives Certain features have 
thus been determined The bacterial cell consists of a sharply contoured 
mass of cytoplasm (or protoplast) which reacts to dyes like the nucleus of 
an animal or' plant cell Healthy bactena when thus stained commonly 
appear as finely granular or almost homogeneous structures, which in older 
individuals may, however, contain vanous inclusions The protonfast is 
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surrounded by an ‘ envelope the details of which are seen when a basic 
stain, such as crystal violet, is added to the living organisms {e.g. B. subtilis 
mounted in 25 per cent, solution of sodium chloride), (1) There is an outer 
faintly stained ‘ cell wall ' appearing as a halo ; it is firm, rigid, and some- 
what elastic, and holds together groups of certain organisms, e g. streptococci, 
diphtheroid bacilli, etc. (2) Tlien internal to this is a narrow ‘ cytoplasmic 
membrane ’, which is sharply contoured and assumes a deeper tint that that 
of the enclosed cytoplasm : it is well seen by dark-ground illumination and 
stains deep browm with iodine. External to the cell wall a ‘ mucoid ’ layer 
may be made out. But certain organisms under suitable conditions of 
growth produce matenal which forms a distinct, bulky, sharply defined 
‘capsule’, which does not stain readily; these are known as capsulate 
bactena {vide Fig 3, Nos 4 and 15) If the capsule is glutinous, then a large 
number of the organisms may occur* in masses embedded in what appears 
to be a matrix of jelly ; this is known as a zooglcea. On the other hand, if the 
capsule does not have this cohesive property the separation of individuals 
may easily take place, especially in a fluid medium in which they may float 
entirely free from one another. Also, the capsular material may dissolve 
m the medium. Some organisms, again, tend to adhere in clumps because, 
owing to their constituents, their surface is not readily wetted, c.g. the 
tubercle bacillus. A number of pathogenic bacteria produce definite capsules 
especially when growing in the tissues, and in some, eg. pneumococcus and 
anthrax bacillus, a relationship has been established between capsule forma- 
tion and %nrulence. In several cases, as in the pneumococcus, carbohydrate 
matcnals have been shown to be important constituents of the capsule ; 
in others, such as the anthrax bacillus, the capsular material is protein-like. 
Many of the higher bacteria possess a sheath which has a much more definite 
structure than is found among the lower forms. It markedly resists external 
influences, possesses elasticity, and serves to bind the elements of the organ- 
ism together. In certain forms the sheath contains granules of iron oxide 
or other substances. 

Staining. The protoplasm of bacteria reacts to stains in a manner similar 
to chromatin, although the affinity for dyes may vary considerably. Thus 
the most useful stains are the basic aniline dyes ; these have the composition 
of salts, the basic component of the molecule being that which imparts the 
colour, e.g. in rosaniline acetate. But certain acid dyes, which are com- 
pounds of a dye-acid with a base, such as sodium, also stain bacteria, e.g. 
eosm and rose bengal Gram's method of staining is of great value, because by 
its use organisms can be classified into two groups — one which retains the 
stain (Gram-positive) and one which becomes decolorised (Gram-negative). 
The method consists in staining with the triphenylmethane dye, crystal 
violet (hexamethyl %iolet) — gentian idolet is an analogue — treating the 
stained preparation uith a solution of iodine in aqueous potassium iodide 
(or a strong solution of sodium chloride) ; and then applying an organic 
solvent, such as alcohol, acetone, or a mixture of aniline with xylol. The 
result is that Gram-positive oi^amsms appear of an intense purple-black 
colour, whereas Gram-negative ones are decolorised and can be demon- 
strated by subsequent counterstaining with another dye of contrasting 
colour, e g. basic fuchsin. Gram-positive oi^anisms vary in their resistance 
to decolonsing, and in some of them only parts of the protoplasm retain 
the stain , also old and degenerate forms tend to be Gram-negative. Gram- 
* staining appears to depend on the retention of the dye-complex by mag- 
1 ncsium ribonucleatc in the cytoplasmic membrane. This substance can be 
removed by enzymes or by treatment with a bile salt in the presence of 
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oxygen. Provided the treated organisms are kept in a reducing medium, 
e.g weak formalin, they wll take up the nbonucleate again, so that the 
Gram-positive condition is restored (Henry and Stacey). Whereas Gram- 
negative organisms are digested by trypsm after they have been heated at 
80' to 100° C., similarly heated Gram-positive organisms are not attacked, 
except the pneumococcus (Kruse). 

Acid-Jastness is exhibited by the tubercle bacillus and certain other 
organisms, which are resistant to staining with simple watery dye solutions. 
A basic triphenylmethane dye, such as basic fuchsin or crystal violet, is used 
in concentrated solution along with phenol as a penetrating agent After 
prolonged exposure to the stain in the cold or a few minutes at temperatures 
approaching boiling, these oi^anisms and all other matenals are intensely 
coloured, then a strong solution of mineral acid is applied — 20 per cent, of 
concentrated sulphuric, nitric, or hydrochloric acid in water — followed by 
washing with water, which removes the dye from everything except the 
acid-fast structures The property of acid-fastness appears to depend both on 
the texture of the organisms and on certain chemical constituents {vide Chapter 
VIII). 



Fir, 1 Film of a >oung<non.spored) culture ol £ su6fili$ stained 
to demonstrate nucleei bodiee bv Robinou’s method xsooo 
(From a preparation b\ Dr J P Duguid I 


The question of a nuclem tn hactena The minute size of the bacterial 
cell hinders accurate observations on any contained structures Several 
views have been held, namely that (a) bacteria are ail nucleus, or at least that 
their nuclear material is diffused throughout the protoplasm, because they 
tend to stain intensely with dyes which have an affinity for chromatin , 
(t) they possess no nucleus . or (c) nuclear material exists in the form of a 
thread-like single chromosome or of granules which exhibit varying forms at 
different stages of growth The fact that bacteria give a positive Feulgen 
reaction shows that they possess chemical constituents found only in the 
nuclei of other forms of living cells — nucleic acids Robinow has extended 
earlier observations by staining with Giemsa’s solution after treating the 
preparation with dilute hydrochloric acid or by Feulgen's procedure He 
considers that in young cultures of \"anous organisms chromosome-hke 
structures exist of a size sufficient to be demonstrated clearly as a single short 
dumb-bell-shaped rod which multxphes by lengthwise splitting in a plane at 
right angles to the long axis of the organism, so that one or several pairs may 
be present (Fig 1) These findings require to be reconciled with the observa- 
tion that organisms which have been cut m two by microdissection methods 
cease to multiply (Wamoscher) The electron microscope has recently 
demonstrated in bacteria structures interpreted as nuclei 
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Cell inclusions. After bacterial cultures have passed the stage of active 
multiplication various inclusions tend to appear in the protoplasm of the 
organisms Fat, in the form of one or several refractile granules which do 
not stain with the ordinary bacterial stains, may be mistaken for spores. 
The granules are coloured by dyes with an affinity for fat, especially the 
Sudan stains (Sudan black B , etc.)* Fnt globules may either be food resen es 
or products of degeneration. VoUihn granules (Babes-Emst or Ncisser 
granules) stain intensely with weak solutions of dyes such as crystal violet 
or methylene blue and on treatment with polychrome solutions of the latter 
they show an intense purple colour — metachromatic staining. They are 
conspicuous in certain species of organisms, e.g. the diphtheria bacillus, on 
suitable media, particularly after tlic stage of active growth ; later they may 
disappear again from the culture. The granules of unfi.vcd organisms are 
readily dissolved by water above 80® C. or by alkalis or 5 per cent, sulphunc 
acid . but they become insoluble after ffixation. They arc to be regarded as 
a storage material of tlie nature of nuclcoprotein. According to Grdh, 
however, the granules of diphtheria bacilli arc living units ; and after dis- 
rupting the cell in which they have developed, they give rise to rod forms. 

Glycogen granules, which stain brown with iodine, may occur and also 
starch {granulose, togen) granules which stain blue ; both appear to be food 
reserves 

Flagella and Motility. As has been stated, many bacteria are motile. 
Motility can be studied by means of hanging-drop preparations. The ' 
movements are of a darting, roiling, or vibratilc character ; they lead to 
definite translation, different individuals going in distinct directions, and 
so are distinguished from Brownian movements and those due to currents. 
The degree of motility depends on the species, the temperature, the age 
of the growth, and on the medium in which the bacteria arc growing. 
Sometimes the movement is most active just after the cell has divided, 
sometimes it goes on all through the life of the bacteria, sometimes it ceases, 
e g when sporulation is about to occur. Motility of lower bacteria is associ- 
ated generally with the possession of fine wavy thrcad-hke appendages called 
flagella, which for their demonstration require the application of special 
staining methods depending on the use of a mordant ; this leads to a deposi- 
tion of dye or metallic silver {vide Fig. 3, Nos. 13 and H and Fig. 4, No. 2). 
They may be seen in living organisms by dark-ground illumination with a 
very intense light. Flagella have also b^n demonstrated with the electron 
microscope. They have been shown to occur in many bacteria and spirilla, 
but only in a few species of cocci. They varj'i’n length, but may be several 
times the length of the organism, and may be at one or both e.xtremities 
(polar) or all round (peritnchous). When polar they may occur singly or there 
may be several ; m some spirilla a tuft of terminal flagella is present. Flagella 
may be regarded as spirals winch are directed backwards and rotate in the 
opposite direction to the body of the organism, thus conferring on it a 
forward movement , thus they would act both as propeller and rudder 
(Pijper). They readily become detached, and complicated spiral tresses of 
detached flagella may be found in bacterial cultures. The development and 
activity of flagella are stimulated by cultivation on ‘ semi-solid ’ media The 
nature of flagella has been much disputed In all probability they are derived 
from the cytoplasmic membrane of the cell , and studies of bacterial antigens 
have shown that flagella possess antigenic constituents which are different 
from those of the body of the organism {vide p. 102) It must be recognised, 
however, that not all cases of motility among the bacteria are dependent on 
the possession of flagella, for among the spirochietes the movements, w’hich 
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are of various kinds, are apparently due to contractions of the protoplasm of 
the cell itself. Among most of the higher bacteria, motility is of similar 
nature. Recently Pijper has concluded from his observations, particularly 
on organisms suspended in viscous solutions of methyl cellulose, that in the 
lower bacteria also motility depends on wave-Iike spiral contractions of the 
cytoplasm (protoplasm) Hence the appearance of flagella might be regarded 
as the effect of movement on the slime (mucoid) layer of the organisms and 
not as the cause of the motion ; but this is not generally accepted 

Reproduction among the Lower Bacteria. When a bacterial cell is 
placed in favourable surroundings, e.g. a suitable culture medium, it multi- 
plies by simple fission In the process a constriction is stated to appear 
in the middle while a transverse unstained line develops across the proto- 
plasm at that point. The process goes on till two individuals can be 
recognised, which may remain for a time attached to one another, or become 
separate, according to the character of the envelope, as already explained 
In most bacteria growth and multiplication go on with great rapidity 
Bacteria may reach maturity and divide in from twenty minutes to half 
an hour If division takes place only every hour, from one individual after 
twenty-four hours 17,000,000 similar individuals will be produced In 
some cases the bacterial cell enlarges before division, in others the cell 
divides and each element then expands to its adult size If, m the latter 
case, multiplication is proceeding rapidlj*. great variation m the size of the 
individuals may be observed As shown by the results of artificial cultiva- 
tion, certain bactena, e g B. tuberculosis, multiply much more slowly It 
has been stated that what appears to be a single rod-form may really 
consist of several individuals, since multiple divisions of the cytoplasm 
have occurred before obvious fission Among the spirochietes longitudinal 
as well as transverse division has been described, though this is doubtful 

In some cases division occurs in an irregular manner Thus among the 
bacilli branched Y-shaped structures may develop and new individuals 
may be formed at each branch (‘ three-point multiplication ’). Sometimes 
a constriction forms near the end of a bacillus and a spheroidal segment is 
separated off , such aberrant elements, however, may not develop further 
Unequal division may also result among the cocci, giving rise to rod-shaped 
forms. 

W'hen a small number of bacteria are brought into fresh medium the 
immediate course of events depends on the state of the culture which 
furnished the inoculum If the culture is an old one m which active 
multiplication of organisms has ceased, then on transference to the new 
medium reproduction does not start at once ; instead there is a period of 
delay, the ' lag phase before rapid multiplication starts This is followed 
by a penod of maximal growth in which the number of cells increases in 
geometric progression with the time (' logarithmic phase ') Thereafter the 
rate of division slows down and finally becomes negligible , ultimately the 
culture may die When the inoculum is denved from a culture in the phase 
of maximal growth, there is no lag on transference to fresh medium Accord- 
ingly. the lag phase may be interpreted as evidence that organisms in an old 
culture have passed into a condition of depressed vitality. 

It must be noted that when bactena are distributed on the surface or in 
the substance of a solid medium, the resulting growth develops in the form of 
separate ‘ colonies ’ : these reach their greatest size when the organisms are 
to begin with sparsely distributed, and the colonies are then usually visible to 
the naked eye Furthermore, such colonies frequently present appearances 
which are characteristic of bacterial groups or species (see various illustrations 
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in later chapters). But while a given bacterial species tends to produce a 
normal type of colony, a wide range of variation from this may occur. Such 
variations arc generally associated with changes of other kinds {vide p. 24 ). 

From investigations by Graham-Smith and others, it appears that the 
consistence of the envelope (cell-wall) may have an importance in modifying 
the naked-eye and low-pow’er appearances presented by bacterial colonies, 
which constitute a feature in the identification of species. Graham-Smith 
has differentiated four groups — a ‘ loop-forming in which the envelope is 
so tough that, after division, rupture but rarely occurs (anthrax bacillus) ; a 
‘ folding ' group, in which the envelope is so flexible and e.vtensile that the 
members of a chain can be folded on one another as successive divisions take 
place (plague bacillus) ; a ‘ snapping ' group, in which partial rupture of the 
envelope occurs on division (diphtheria bacillus) ; and a ' slipping ' group, 
where the envelope readily breaks, and successively developed bactena slip 
past each other {typhoid bacillus, cholera vibrio). 

When bacteria are placed in unfavourable conditions as regards food, 
etc , growth and multiplication take place with difficulty. In the great 
majonty of cases this is manifested by changes in the appearances of the 
protoplasm Instead of its maintaining the regularity of shape seen in normal 
bactena, various aberrant appearances are presented This occurs especially 
in the rod-shaped varieties, in which fiask-shaped or dumb-bell-shaped 
indmduals may be observed The regularity in structure and size is quite 
lost The appearance of the protoplasm also is often altered. Instead of, as 
formerly, staining well, it does not stain readily, and may have a uniformly 
pale homogeneous appearance, while m an old culture only a small propor- 
tion of the bactena may stam at all. Sometimes, on the other hand, 
degenerate bacteria contain intensely stained granules or globules which 
mat be of large size Such appearances are referred to as vivoluUon forms 
(Fig 4, Nos 3 and 4). That these forms really betoken degenerative changes 
jin part at I. dst of autolytic nature, vide p. 22) is shown by the fact that on 
their being again transferred to favourable conditions, only slight growth 
at first takes place. Many individuals have undoubtedly died, and the 
remainder which live and develop into tj'pical forms may sometimes have 
lo-<t some of the original properties of the strain. The question of aberrant 
forms i.s discussed also in connection with Variation. 

While It is generally accepted that fission is the sole mode of reproduction 
among the low’er bacteria, there have also been described budding and the 
formation of granules (gonidia) within the cells, which subsequently become 
free ; these granules may be surrounded by a resistant layer — arthrospores. 
Appearances interpreted as strongly suggestiv’e of gonidium formation in 
B radicicola have been criticised as merely due to ageing and degeneration. 
Certain observ’ers hav'C described the occurrence of life cycles (cyclogen}’) 
including sexual reproduction by conjugation, and ' sympl^m ’ formation , 
in the latter the organisms lose their individual form and fuse into masses 
from which later new cells arise These views seem to depend on the inter- 
pretation attached to appearances which have been described above as 
involution forms , no definite proofs of such cycles have been broug t 
forward so far 

There is no conclusive evidence that the ordinary bacteria, c.g the 
bacillus, can exist in a phase of minute filterable forms which are capab e o 
developing into the typical forms again, although this is true of the organisms 

of the pleuropneumonia group. 

The reproductive processes among the higher bacteria are referrec o 
later. 
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Spore Formation. In some species of the lower bacteria, under certain 
circumstances, changes take place in the protoplasm which result in the 
formation of bodies called spores, to which the vital activities of the original 
bactena are transferred Spore formation occurs chiefly among the bacilli 
Its development in an organism, eg Bacillus megatherium, is indicated by 
the appearance m the protoplasm m unstained preparations of a clear area 
which becomes dense and refractiJe and assumes a cylindrical form and later 
is spherical ; finally in the course of a few minutes it contracts to an ellipsoid 
(Bayne-Joncs and Petrilh) On staining with a dilute solution of basic 
fuchsm the clear area is more darkly coloured than the rest of the protoplasm 
before spore formation is complete Spores may assume a round, ov’al, or 
short rod-shaped form, always shorter but often broader than the onginal 
organism In the process of spore formation the rest of the bacterial proto- 
plasm may remain unchanged in appearance and staining power for a 
considerable time {e.g tetanus bacillus), or, on the other hand, it may soon 
lose its power of staining and ultimately disappear {eg. anthrax bacillus) 
This method of spore formation is called ' endogenous and the spores are 
know n as endospores. Bacterial spores arc aluavs non-motile The spore may 
finally he situated m the centre of the organism (central), or it may be at one 
e.xtremity (terminal), or a short distance from one extremity (subterminal) 
(Fip 3. Nos 17-20) In different species the shape and position of the 
fully developed spores tend to be constant In structure the spore con- 
sists apparently of a mass of protoplasm surrounded bv a dense membrane 
or capsule When completely developed it does not stain with simple watery 
dse solutions, but can be demonstrated by the prolonged application of a 
powerful stain followed by a decolorising agent, which removes the stain from 
the vegetative parts of the organism. The presence in the spore of a stamable 
nucleus has been desenbed (Robinow) The all-important property of a 
bacterial spore is its high degree of resistance to external influences such as 
heat, drj’ing, chemical agents, etc Koch, for instance, m one senes of 
e.xperjments, found that while the anthrax bacillus in the unspored form was 
killed by a two minutes' exposure to 1 per cent carbolic acid, spores of the 
same organism resisted an exposure of from one to fifteen days Such resist- 
ance has been asenbed to the capsule and to the \’erv small amount of water in 
the - 

tail 
Its 

difference in the resistance of spores of different species , also spores oi me 
same species may i ary to a marked degree in this respect among tkemseh-es 

When a spore is placed in suitable surroundings for the \cgetative 
growth of the organism, it ‘germinates often within a few minutes, and 
again assumes the original bacillary form The capsule may dehisce either 
longittidinafly, or terminally', or transversely In the last case the dehiscence 
may be partial, and the new individual may remain for a time attached by 
its ends to the hinged spore-case, or the dehiscence may be complete and the 
bacillus grow with a cap at each end consisting of half the spore-case. 
Sometimes the spore-case does not dehisce, but is simply absorb^ by the 


organisms" mav, on germination after keeping for many vears, gno rise lu 
\ irulent cultures Bacteriophage also is carried over in spores 

It IS important to note that in the bactena, spore formation is rarely, if 
ever, to be considered as a method of multiplication In at least the great 
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majority of cases only one spore is formed from one organism, and only one 
organism in the first instance from one spore. Sporulation is to be looked 
upon as a resting phase of bacteria in contrast with the stage when active 
multiplication takes place, the latter being referred to as the vegetative phase. 
Regarding the significance of spore formation in bacteria, there has been 
some difference of opinion ■ According to one view, it may be regarded as 
representing the highest stage in their vital activity. There is thus an alterna- 
tion between the vegetatiw and spore stage, the occurrence of the latter 
being necessary to the maintenance of the species in its greatest vitality. 
Such a rejuvenescence, as it were, through sporulation, is known in many 
algre In support of this view there are certain facts. In many cases, for 
instance, .spore formation only occurs at temperatures specially favourable 
for growth and multiplication There is often a temperature below which, 
while I'egetativc growth still takes place, sporulation will not occur ; and in 
tlie case of the anthrax bacillus, if the organism be kept at a temperature 
above the hmit at which it grows best, not only are no spores formed, but 
the strain ma.\ lose the power of sporulation. Further, in the case of bacteria 
prelernng the presence of o.xygen for their growth, an abundant supply of 
this gas mav favour sporulation. It is probable that even among bacteria 
preferring the absence of oxygen for vegetative growth, the presence of oxygen 
favours sporulation The second view with regard to sporulation is that 
bacteria onlj form spores when conditions, especially food supplies, become 
unfai ourabJe for vegetative growth . then they remain in this state until 
placed m more suitable surroundings Such an occurrence would be analo- 
gous to the encystment which occurs under similar conditions in many of the 
j’rotozoa Often sporulation can be prevented from taking place for an 
indefinite time if bacteria are constantly supplied with fresh food (other 
conditions remaining unchanged) However, the accumulation of substances 
produced bv the bacteria themselves plays a more important part in making 
the surroundings unfavourable than the mere exhaustion of the food supply. 
This would explain how spores may appear rapidly in a culture which is 
multiplying actively A living spore will always develop into a vegetative 
form if gu en a fresh food supply. TJie spore antigen is distinct from those of 
the vegetative phase of the corresponding bacilli (Howie and Cruickshank). 

The tests usually applied to decide if a body developed within an 
orgamsm is a spore depend on (1) its staining reaction, namely, resistance to 
ordinary s*-- - • ... .... • 

for the pi las 

higher poi ^r- 

rcsponding vegetative form It is important to investigate this property as, in 
some of the smaller bacteria especially, it is \'ery difficult to decide by micro- 
scopic examination whether they speculate or not, because small unstained 
spots may occur in the protoplasm, the significance of which is uncertain. 

the chemioal composition op bacteria 

The \ egetative forms of bacteria contain a large proportion of w’ater, 
which averages 7D to 85 per cent. The solid constituents show great varia- 
tions, depending not only on the species under investigation but also on the 
composition of the culture media, the temperature of growth, and the age of 
culture , this applies particularly to the inorganic constituents The pro- 

bacterial cells are compo^ of the same ammo-acids as those 
of higher forms of life , they include the phosphorus-containing nucleoproteins 
(compounds of ribonucleic and desoxynbonucleic acids). Nucleic acids make 
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up 20 per cent, of the dry weight of hemolytic streptococci. There are also 
other protein constituents regarding which, however, little is known 
Granules formed by certain organisms, which show metachromatic staining 
(volutin granules), are believed to consist of reserve stuffs of protein nature 
The total nitrogen amounts on the average to 8 to 15 per cent of the dry 
weight. Fats, lipoids (lecithin and cholesterol, etc.), and waxes form a con- 
siderable proportion of bactcnal protoplasm , these are specially abundant 
in the tubercle bacillus and other acid-fast oi^anisms The influence of the 
medium in regard to such constituents is well shown by the finding of 
Eckstein and Soule that D. colt gtoivn on a synthetic medium of which 
alanine was the nitrogenous constituent, contained considerable amounts of 
pliospholipoids, whereas when cystine was substituted only a trace of these 
was formed. Fat may be intimately incorporated with the bactenal proto- 
plasm, so that extraction methods arc required for its demonstration, or at 
times it may be present as globules stainable by histological reagents for fats 
(p. G). Various carbohydrates have been isolated from bacteria, and some 
capsules are specially rich in such substances, which are of the nature of 
hemicelluloses , but cellulose is seldom present. A nitrogen-containing 
derivative ol a carbohydrate allied to chittn is found, and the rigidity of 
bacteria has been attributed to its presence m the cell wall Mucm, a com- 
pound of protein with carbohydrate, is also formed Granules of glycogen, 
which are stained brown by iodine, are sometimes found in bacteria, also 
granulose (logen), which is closely related to starch The inorganic constitu- 
ents include sodium, potassium, magnesium, calcium, and iron salts, as well as 
traces of other bases, also phosphorus, which is always m considerableamount, 
sulphur, and chlorine According to the findings of Guilfeinin and Larson 

’ * * • ‘he greater part of the 

diffuse out entirely, 

Pigments are produced by many bacteria, although this is not a marked 
feature in most of the pathogenic organisms The pigment may be intra- 
cellular or extracellular , but usually it is impossible to determine whether 
the pigment is wholly inside or outside the protoplasm Often the coloration 
extends out into the medium for a considerable distance be 5 ’ond the organ- 
isms Many factors influence pigment formation , thus oxygen is often 
essential, also suitable conditions as to temperature are required, since an 
organism which forms pigment at room temperature may fail to do so at 
37“ C The composition of the nutnent medium may also be important 
Exposure to light tends to intensify pigmentation Some of the pigments 
are water-soluble, others are soluble in fat solvents such as chloroform, 
alcohol, and ether Certain of the latter are j-ellow pigments allied apparently 
to carotene, the pigment which is widely distributed in both animals and 
plants and gives the colour to serum and egg yolk Pyocyanin, a blue pig- 
ment formed by B pyocyatieus, is a phenazine dye which readily undergoes 
reversible reduction The chemical composition of bacterial pigments is, 
however, still to a great extent obscure . but the bactenochlonn of purple 
and green sulphur bacteria is apparently related to one form of chlorophyll 
A number of organisms form several pigments Bactenochlonn is responsible 
for the photo-assimilation of the organisms containing it , but in general the 
function of bactenal pigments is unknown The respiratory pigments are 
dealt with later 

Enzjines and toxins are important products to uhich the action of 
bacteria is in very great part due , they may either pass into the medium in 
which the organisms are growing or they may remain intimately associated 
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with the bodies of the bacteria, becoming free only on the disintegration of 
the Jatter. Their properties and actions are dealt with later. 

Many bacteria form components of the vitamin B complex, but vitamins 
A, C, and D are not produced. 

THE PHYSICAL CHARACTERS OF BACTERIA 

The superficial layers of bacteria constitute a definite envelope to whicJi 
the organisms owe their shape and which tends to act as a semipermeable 
membrane, so that osmotic phenomena occur. Accordingly, plasmolysis may 
take place in hypertonic solutions ; and in ]i 5 'potonic the cells may burst, 
the protoplasm being extruded at one end as a spherical mass (plasmoptysis). 


from changing the salt-content of the medium cither in the direction of 
decrease or increase (Dunlop and Maitland). Since bacteria arc largely 
composed of hydrophilic colloids, they exhibit the bchaWour of such colloid 
matter in general. In virtue of their minute size also, they present a surface 
which IS large, relative to their volume ; therefore they are well adapted to 
take part in adsorption reactions In weak .solutions of sodium chloride 
most bacterial cells bear a negative electric charge— that is, they show 
cataphorosis and migrate to the anode when a direct electric current is 
passed through the fluid in which they are suspended By measuring the 
rate of thoir migration under the influence of a known electric field, the 
potential difference between the cells and the fluid may be estimated The 
uniform suspension whicli many species of organisms form in water or weak 
saline, results from the mutual repulsion of the ‘similarly charged particles, 
while the molecules of the fluid impart to them active Brownian movements. 
Under the influence of acids, salts, and certain dyes such bacterial suspensions 
may exhibit agglutination. .\lso, a culture of organisms may alter spon- 
taneously in Its behaviour and become agglutinated bj’ concentrations of 
salt which prcviousU did'not affect it , this phenomenon is usuall}' accom- 
panied by other alterations, such as the change from a ' smooth ’ to a ' rough ’ 
type of colon)’ 

Cottdihons affccUng the movements oj bacteria. In some cases differences 
are observed in the behaviour of motile bacteria, contemporaneous ivith 
changes m their hfe-history. Thus, m the case of B. subtilis, movement 
ceases when sporulation is about to take place. On the other hand, in the 
bacillus of symptomatic anthrax (B. chauvat), movement continues while 
sporulation is progressing. Under ordinary circumstances motile bacteria 
appear not to be constantly moving, but occasionally to rest ; the move- 
ments become more active if the temperature be raised In certain species of 
bacteria which are typically motile, e.g B typhosus, non-motile strains may 
exist , this is not invariably associated with the absence of the flagella, 
however Motility can be induced m such flagellated cultures by growth of 
the organisms on semi-sohd media. Most interest attaches to the fact that 
bacilli may be attracted to certain substances and repelled by others. Schenk, 
for instance, observed that motDe bacteria were attracted to a warm point 
m a way which did not occur when the bacteria were dead and therefore 
subject only to physical conditions. Important observations have been 
made on the attraction and repulsion exercised on bacteria by chemical 
agents, which have been denominated respectively positive and negative 
chemoiaxts (Pfeiffer). A fine capillary tube filled with the agent and closed 
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at one end. was introduced into a drop of fluid containing the bacteria under 
a cover-glass, and the effect was ^vatched under the microscope The general 
result was to indicate that motile bacteria may be either attracted or repelled 
by the fluid in the tube. The effect of a given fluid differs in the case of 
different organisms, and a fluid chemotactic for one organism may not act on 
another. Degree of concentration is important, but the nature of the fluid 
is more so. Of inorganic substances, salts of potassium are the most powerfully 
attracting. Further, solutions of peptone and meat-extract have powerful 
attracting properties. Carbohydrates in solution have little effect, and 
glycerol is neutral Acids, alkalis, and alcohol are repellent. Corresponding 
chemotactic phenomena are shown also by certain animal cells, e.g. leuco- 
cytes, to which reference is made later 

GENERAL PHYSIOLOGY OF THE BACTERIA 

There are six pnme factors in the life and growth of bacteria which 
must be considered, namely, food supply,- moisture, relation to gaseous 
environment, temperature, hydrogen-ion concentration, and light. It should 
be noted that no other class of creatures shows such a wide diversity of living 
conditions as the bactena. 

Food Supply and Metabolism. In nature bactena live chiefly on the 
complex organic substances which are derived from plants and animals or 
which constitute their dead bodies As a general rule, many varieties of 
bacteria grow side by side, so that the food supply of any particular one may 
depend bn the growth of others. But while such iymbtosis may favour some 
species, certain organisms are inhibited by the presence of others {anUbiosts) 
The production of a disease, however, is usually due to the penetration of 
one species into the tissues, or at most of a limited number, so that here we 
are concerned chiefly with the growth requirements of individual species of 
organisms in culture media tn vtlrto. 'Accordingly, to obtain pure cultures is an 
essential requisite of bacteriological technique Since bacteria are practically 
omnipresent, it is necessary to destroy all extraneous organisms which may 
be in the food media, in the x'essels containing these media, and on all instru- 
ments which are to come m contact with the cultures The technique of this 
destructive process is called stenlisation Further, the growth of bacteria 
in other than their natural surroundings involves the preparation of stenie 
artificial food media , when such media have been prepared we must con- 
sider the technique of the separation of micro-organisms from mixtures of 
different species, and the maintaining of pure cultures when the latter hav'e 
been obtained Ongmally the general pnnciple observed in the artificial cul- 
ture of bacteria was that the medium used should resemble that on which they 
grow naturally. In the case of pathogenic bactena the medium therefore 
should resemble the fluids of the body. Thus blood serum is often used 
Other media have been found which can support the life of most of the patho- 
genic bactena These consist of proteins or carbohydrates in a fluid, semi- 
solid, or solid form. It is an advantage to have a variety of media, since 


-X >. j.t. — u — I • ■ Most bactena 

, scum, or sediment 
But such a medium 
ictena A great ad- 
vance resulted when Koch, by addmg gelatin to broth, provided a transparent 
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solid medium in which growth characteristics of particular bacteria become 
evident. Many organisms, howev’er, grow best at a temperature at which this 
nutrient gelatin is fluid, and therefore another gelatinous substance of carbo- 
hydrate nature called agar, which does not melt at a temperature much below 
100® C., was substituted. The reaction of the medium is important, since most 
bacteria, in contrast to moulds, require a neutral or slightly alkaline reaction. 
While such media have been of great service in furthering the study of 
bacteriology, they can afford only a limited insight into the growth require- 
ments of organisms. Accordingly these have been investigated as a metabolic 
problem. Much information has been gained by starting with a relatively 
simple ‘ synthetic medium ' containing chemical ingredients of known con- 
stitution and ascertaining whether it supports growth or, if not, what other 
substances must be added in order to obtain cultures. 

The chemical components required for growth are those elements which 
make up protoplasm, and also substances which supply sources of energy. 
Organisms can be graded according to the complexity of the substances 
which satisfy their requirements in these respects. The great majority of 
bacteria grow and obtain energy in the dark, t.e. they are chemosynthesising, 
not photosynthesising. In fact, light is harmful to them. Knowledge is 
extremely deficient as to the means whereby the new material of bacterial 
cells IS constructed As regards carbon and nitrogen, great differences 
exist m the matenals from which different species of bacteria can supply 
their needs Certain bactena can assimilate carbon dioxide while utilising 
nitrogen, etc , from inorganic sources ; these are ' autotrophic Some of 
them are obligate autotrophs, ^ g. Nttrosomonas, Nttrobacier, and the bacteria 
which oxidise sulphur or its inorganic compounds. Others, facultative 
autotrophs, can also utilise organic compounds. Thus the autotrophic 
bacteria resemble the higher plants in their capacity to utilise inorganic 
carbon and nitrogen As a rule bacteria require their sources of carbon 
to be m a more reduced form than carbon dioxide— such organisms are 
called ‘ heterotrophic ’ , the pathogens are included in this group. As 
regards sources of nitrogen, some heterotrophic organisms can assimilate 
nitrogen from simple sources, while others are restricted more or less to 
certain amino-acids as specific components ; also particular accessoty 
growth-promoting substances may be required The nitrogen of the air is 
assimilated by certain soil bacteria and others use nitrates Many hetero- 
trophic organisms, however, can use the nitrogen of ammonia salts to syn- 
thesise essential amino-acids, particularly tryptophane, provided a suitable 
organic source of carbon is present ; these may be termed ' non-exacting ' as 
regards their nitrogen supply Others are ‘exacting ’ and can only utilise 
more complex sources of nitrogen such as amino-acids. Even in a given 
species, eg the typhoid bacillus, while the majority of strains are exacting, 
certain ones are non-exacting and can utilise ammonia. The degradation 
products of protein, esp^ially amino-acids, are very widely utilised, also 

theamidesof ’ ' 1 

to the heteroti 
In general a s 

suitable medium lor many organisms, including the patnogenic varieues- 
Complete proteins as a rule do not appear to be utilised as food-stuffs Certain 

organisms may form Pc • ’ ’ • ’ * ' *rin, eg. indole 

produced by B colt fr other related 

species fail to do so ile is of diag- 

nostic value in this group The presence of a fermentable sugar prevents the 
formation of indole. 
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While carbon is also provided by the more complex nitrogenous com- 
pounds, carbohydrates are in addition extensively utilised as food-stuffs , 
these are fermented, and this process probably serves the double purpose of 
liberating energy and of providing the most suitable types of carbonaceous 
compounds for assimilation. Salts of organic acids, e g. citrates, lactates, etc , 
may serve as a source of carbon to some species. According to Quastel, 
pjTUvic acid is the form in which carbon is assimilated by B. coli, and a 
carbonaceous substance to be utilised must be convertible by the bacterial 
enzymes into this compound. TJie tubercle bacillus finds in glycerol a par- 
ticularly suitable source of carbon. 

The capacity of certain species of bactena to ferment particular sugars, 
etc , constitutes an important biological property which is utilised for their 
classification and identification The breakdown of the fermentable sub- 
stance with the production of acid products and also frequently gases (carbon 
dioxide, hydrogen, etc ) is determined Besides sugars, allied bodies such as 
alcohols, glycosides, and other compounds may be acted on. Since a mixture 
of several species of bacteria (or these species acting in sequence) may exliibit 
‘ synergic action gas being produced from a substance which does not jueld 
gas when acted on by each organism alone, it is essential to ensure that the 
cultures under examination are pure. 

By ‘ adaptation ' or ‘ training ' bactena may -acquire the power of 
assimilating or breaking down substances cither nitrogenous or carbonaceous 
which they did not originally act upon For instance, an exacting strain of 
the typhoid bacillus can be induced to grow in a medium lacking tryptophane 
and to synthesise this compound. Such changes, in some cases at least, seem 
to depend on the organisms acquiring the power to form ‘ adaptive ’ enzymes 
{vtde p 22) which possess an affinity for the substrates in question Strains 
, of B paratyphosus B and the typhoid bacillus, whicli are non-e.xacting as 
regards nitrogen-source etc., m the presence of oxygen, are more exacting 
under anaerobic conditions 

While a large number of organisms ivill grow indefinitely on synthetic 
media of known composition, there are some which cannot be cultivated 
under these conditions, e.g Streptococcus Pyogenes, pneumococcus, and 
Pfeifter's bacillus. It would appear that m the case of these, accessory food 
factors are required These accessory principles, as shown by Knight and 
Fildes, are vitamm-Iike in the sense that they are effective m promoting 
growth when present in minute amounts, so that they do not contribute 
significantly to the nitrogen or carbon required to make up the new-formed 
protein. They can be derived from various sources, eg e.xtract of yeast, 
urine, etc. It is important that organisms which are capable of flourishing 
on sjmthctic media, themselves produce the growth-promoting substances 
Pfeiffer's bacillus requires two accessory factors, one of which is supplied by 

rhile the other 
tissues , the 
izymes (both 


nicotinic acid and aneurm (vitamin B,) along with ammo-acids and glucose , 
under anaerobic conditions pyruvic acid and uracil, as vitamin, are needed in 
addition. Some strains of the diphtheria baallus require several growth 
factors, one of which is pimclic acid 

A companson of the nutrient requirements of closely related organisms, 
some of which are commensals of relatively low pathogenicity while others 
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are typical pathogens, such as those of the coli-typhoid group, has indicated 
that the more specifically pathogenic members have the more complex 
nutritive requirements Thus B colt can grow with ammonia as the sole 
source of nitrogen ; and it synthesises certain amino-acids which are' indis- 
pensable for building up its protoplasm — ' essential metabolites The 
typhoid bacillus cannot sjmthesise these amino-acids from ammonia ; but 
as it IS also unable to grow without them, they must be added ready-made to 
the culture medium, t.e. they are, for this organism, ' growth factors in 
other words essential metabolites which it cannot synthesise. Similarly, 
glutamine is a growth factor for most recently isolated pathogenic strepto- 
cocci , but after prolonged cultivation in vitro the addition of this factor is not 
necessary (Fildes et al) 

Certain highly parasitic bacteria, eg. gonococcus, meningococcus, etc., 
fail to grow in the absence of blood serum, and the growth of many pathogenic 
species IS promoted in the presence of serum. The bacillus of Johne’s 
disease exhibits a peculiar requirement, viz. some substance synthesised by 
other acid-fast bacteria ; thus dead tu^rcle bacilli or timothy grass bacilli 
added to the medium enable it to flourish. Organisms which when recently 
isolated are highly exacting in vtlro often grow much more readily after 
repeated subcultunng 

As regards inorganic constituents, -potA&sium or sodium and phosphorus, 
chlonne, sulphur, and carbon — in the form of phosphates, chlorides, sulphates, 
and carbonates — would appear to be the only essentials for many organisms, 
while others may require also magnesium, calcium, or iron ; but it is difficult 
to say how far minute traces of other minerals are of importance Certain 
autotrophic sulphur bacteria Thiothrix) assimilate sulphuretted 

hydrogen and store in their bodies granules of sulphur, which disappear 
when the organisms are starved. 

It should be noted in regard to culture media generally, that filtration 
through paper, cotton wool, etc , may by adsorption remove essential acces- 
sory food substances. Most bacteria seem to form products which are un- 
favourable to their own vitality, for when a species is sown on a mass of 
nutnent medium it soon ceases to grow, even before the food supply is 
exhausted , alteration in hydrogen-ion concentration explains only in part 
the cessation of growth. Also, substances such as many of the amino-acids, 
when present in excess, tend to inhibit growth. When the food supply of an 
organism fails, it degenerates and dies. The proof of death lies in the fact 
that when it is transferred to fresh suitable media it does not multiply. If 
the organism forms spores it may survive the want of food for a very long 
time A distinction must be drawn between the conditions in media which 
promote the maximal growth of organisms and those which lead to the 
longest persistence of vitality 

Moisture. The presence of ivater is necessary for the continued growth 
of all bacteria The amount of drying which bacteria in the vegetative stage 
ivill resist vanes very much in different species. Thus at room temperature 
the cholera vibrio is killed by two or three hours’ drying-, while the Staph, 
aureus will survive ten days’ drying, and the diphtheria bacillus still more. 

In the case of spores the periods are much longer. Spores of the anthrax 
bacillus will survive drying for many years if kept in the dark. While the 
above statements apply to drying as ordinarily carried out, intense rapid 
drying and preservation tu vacuo maintain the vitality of many vegetative 
forms for long periods 

Respiration and Relation to Gaseous Environment. The respiratory 
mechanisms of bacteria have attracted much attention, particularly in 
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relation to the processes of cellular oxidation and reduction, Observations 
have demonstrated the complexity of the mechanisms involved ; and it must 
be noted that bacteria vary widely in their oxidative processes, and even with 
any one species, variations may occur according to the conditions of life and 
growth The term respiration is now applied generallj’ to the chemical 
processes whereby the living organisms liberate energy from substances either 
in the presence or absence of oxygen , and it is the occurrence of such pro- 
cesses within the living cells which is of use for their nutrition and growth 
The original conception of respiration implied the addition of oxygen to the 
substance acted on ; but oxidation has come to include also reactions in 
which hydrogen is remo\ed (dehydrogenation) or electrons are lost (as in 
the transformation from tiie ferrous to the ferric state) It is necessary to 
bear in mind that a proportion of the energy set free in such reactions ma> 
not be convertible into work under the given conditions 

Oxygen. The relation of the oxygen of the air to bacteria is such an 
important factor in their life that it enables a broad biological division to be 
made among them Some bacteria live and grow best when there is free 
access of ox>gen from the air To these the title of aerobes is given Other 
bacteria will only grow when free oxygen is absent , they require also a 
medium which possesses a suitable degree of reducing action These are 
called anaerobes , but different species show a 'vide range in their intolerance 
of oxygen. In still other bactena the amount of oxygen is a matter of 
indifference within wide limits ; such organisms are usually denominated 
faciiUaltve anaerobes^hewg aerobic but capable of growing with very little 
oxygen Examples of aerobes are B. tuberculosis and B. subiihs , of a strict 
anaerobe, B tetani, wliile the great majority of patliogenic bacteria are 
facultative anaerobes. Those bacteria which in a deep culture show most 
abundant growth at a point a short distance below the surface, have been 
designated mcro-ecroplnltc on the view that they flourisli best m the presence 
of a minute trace of oxygen ; but this effect is often an indication of their 
carbon dioxide requirement. 

The luminescent bacteria isolated from sea water are a striking example 
of the necessity in certain cases of molecul.xr oxygen for function , tn the 
absence of the gas the cultures cease to give out light A marked feature ot 
bacterial oxidation is that substances may be attacked which otherwise are 
very stable at ordinary temperatures. When substances are rendered liable 
to chemical change in this way they are said to be ' activated . Enzymes 
produced bj- the organisms are responsible for such activation. Aerobic 
oxidations ivill be considered first The transfer of hydrogen to molecular 


oxygen is shown by placing a washed suspension of the organisms from a 
culture (‘ resting bacteria ’) in a manometric apparatus along with a substance 
which they oxidise It is then found that oxygen is absorbed. Living 
B. coh' acting on lactose produce this 
one This is shown by the fact that 
occur if the organisms arc first of 

fluoride, the reaction is restored by the addition of a trace of certain sub- 
stances such as methylene blue. The latter, owing to its capacity for being 
reversibly reduced and oxidised, acts as a hydrogen ' earner Such earners 
play an important part in bacterial oxidations ; examples are the so-callcd 
respiratorv oiements— the cytochrome system, flavoprotein— and gluta- 
thione. ' p, c,ng 

the subst 

glycerol, a louei uiiy auu . . , . , , , j ‘ 

bacteria along with some substance which is susceptible to reduction (a 


2 
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hydrogen acceptor). Methylene blue is much used for this purpose because 
Its reduction to the colourless leuco compound provides an indicator of the 
reaction. Many bacteria, especially those which are pronounced aerobes, 
possess cytochrome, which can be demonstrated spectroscopically. The re- 
duced form is present in suspensions which have stood for some time, or is 
formed quickly on passing nitrogen gas through the liquid ; the oxidised form 
IS produced through the mediation of cytochrome oxidase when the suspen- 
sion IS shaken \nth air. The anaerobic bacteria are devoid of cytochrome, as 
also are some streptococci. Another respiratory pigment, fiavoprotein, is 
demonstrable by the spectroscope in various bacteria and seems to be especi- 
ally important in anaerobes. Some organisms give a positive nitroprusside 
reaction suggestive of gluiathtone. Oxidations b}' molecular oxygen are as a 
rule effected in a series of stages, for some of ^^hich enzyme's are responsible. 
It has been shown in a number of cases that substances are incompletely oxi- 
dised by intact bacteria, but undergo complete o.xidation when the organisms 
have been poisoned in certain ways. This difTerence probably affords a 
measure of the assimilative activity of the normal cells. Peroxide of hydrogen 
is formed in the course of many bacterial oxidations, and in some cases, where 
peroxidase is also produced, may serve to oxidise certain substances for the 
use of the bacterial cells. When the organisms are sensitive to peroxide, 
accumulation of this compound will lead to their death. But this is often 
prevented by their forming at the same time catalase which decomposes the 
pero.xide. The pneumococcus forms peroxide, but not catalase, and is sensi- 
tive to the former, so it is rapidly killed in tin's way in ordinary media. 

Anaerobic respiration Facultative anaerobes when growing in the 
absence of molecular oxygen can only obtain energy for building their cells 
by oxidising certain constituents of the medium at the expense of others, 
which become reduced at the same time. This process of oxido-roductlon 
yields less energy than when oxygen is the hydrogen acceptor. Occasionally 
one molecule of a compound is oxidised at the same time that another of the 
same kind is reduced — dismtitation . but as a rule two different substances 
are involved Thus the requirements for anaerobic growth are more complex 
than for aerobic , e.g varioussubstanccs(lactale. succinate, acetate, glycerol) 
act each as the sole source of carbon for B. colt grouing under aerobic 
conditions . but none of these suffices by itself anaerobically, although in the 
presence of nitrate they do so owing to (he iatfer acting as a hjdrogen 
acceptor under the influence of nitratase which the culture contains. Sugars 
are the most important sources of energy and carbon for fermenting organ- 
isms under anaerobic conditions The bacteria %vhich are obligate anaerobes 
belong to a unique class of Jmng agents discovered by Pasteur. Their in- 
tolerance 01 molecular oxygen is such that in the case of the most sensitiv’e 
members minute traces prevent growth. The^* will grow in a closed space if 
the oxygen is removed, eg. bj' displacement with an indifferent gas such as 
hydrogen or nitrogen, or by absorption, sa}’ with an alkaline solution of 
pyrogalhc acid, or along AVith a culture of an aerobe, owing to the latter 
absorbing the oxj’gen of the contained air. Growth in liquid medium exposed 
to the air occurs proxdded that substances are present which produce a 
sufficient reducing tendency, such as ascorbic acid, cysteine, thioglycollate, 
metallic iron, or particles of minced muscle. The obligate anaerobes 
possess special mechanisms for dehydrogenation , thus B. sporogenes attacks 
certain amino-acids, but does not affect substances acted on bj’ B coU. 
Also, the chief hydrogen acceptors in the case of facultative anaerobes 
do not act as such for B. sporogenes, while some ammo-acids have this 
property. 
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The nature of the reaction betw’een free oxygen and the obligate anaerobes 
IS not clear. McLeod and Gordon ascribed the anaerobic character of organ* 
isms, such as B. tetaui or B. sporogenes, to their forming peroxide of hydrogen 
in cultures in the presence of cxj-gen ; at the same time they fail to form 
catalase, and as they are extremely susceptible to peroxide, growth cannot 
go on in the presence of air. The ewdence adduced for peroxide formation 
(green coloration in haemoglobin-containing medium) is not conclusive, 
however. In the case of B tetant, etc , the harmful effect of oxygen is 
intensified by the presence in the medium of traces of certain copper 
compounds (O’Meara) 

Oxidation-YeducUon poUniiah. When bacteria are growing in a culture 
medium such as broth, it is usually found that there is a reducing tendency 
in the system which is greater than that of the broth itself. This has long 
been knowm from the fact that reducible substances, such as dyes, when 
introduced into fluid cultures are often converted into the colourless leuco 
products (the original colour being restored by vigorous oxygenation). At 
the same time, as we have seen, oxidation processes are going on by which 
’ laterials required for life and proliferation 
culture re- 
which gix*e 

nse to changes in electrical potential The 
intensity of these changes can be measured 
by an apparatus illustrated m Fig 2 For 
details reference should be made to special 
norks In principle an unalterable electrode, 
consisting e g. of platinum foil, dips into the 
fluid culture medium in the vessel a ; this con- 
stitutes a ‘half cell'. Also dipping into the 
culture medium is one end of a U*tube b filled 
with agar made up with a saturated solution of 
KCl The other end dips into the vessel c also 
containing saturated KCl solution; r communi- 
cates by a tube containing the same solution 
with a ‘standard half cell ’ d consisting of a layer of calomel as electrode super- 
imposed on mercury and covered by a saturated solution of KCl W’lres lead- 
ing from the platinum electrode and the mercury of the standard half cell are 
connected to a potentiometer, calibrated to ± 1 volt and reading to the nearest 
millivolt, and a galvanometer In this way, the potential of the standard 
half cell being known relative to that of the hydrogen electrode, the potential 
of the system can be measured in volts This is the electrode potential, Eh , 
it is negative when the system is a reducing one and positive when it is 
oxidising. The pH must be kept constant, as variations affect the electrode 
potentials Another method of estimating Eh depends on the fact that a 
number of dyes, including mdophenols, toluylcne blue, thionin, methylene 
blue, indigo sulphonates, safranins, neutral red, etc , change colour on reduc- 
tion over different Eh ranges and so can be used as indicators (These are 
given in order over a uide range from positive to negatn’e ) Their use is 
attended by various difficulties, however, since they may themselves partici- 
pate in the oxidation-reduction reactions Also they may exert catalytic or 
toxic effects Further, their colour frequently depends on the pH as well as 
the Eh According to Knight and Fildes the spores of B Mam cannot 
germinate if the Eh is higher than about -f-O-I volt, and for growth 
of the strict anaerobes the Eh must hai-e a value between —0 OOG and 
— 0-430 volt 



Fro 2 Arrangement of cell for 
measuring oiidation .reduction 
potentiaU 
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By following the behaviour of Eh in cultures at different stages of growth 
under the usual conditions, Hewitt has found that the reducing state varies 
according to the particular organism. During the logarithmic phase of growth 
the aerobes in general produce a moderately intense reducing level, but many 
are unable to effect further reductions. The anaerobes can onl}’ effect 
reduction when the medium is partially reduced to begin with, eg. b}' exclu- 
sion of the oxygen of the air , they are then able to produce and maintain 
intense reducing conditions Therefore the distinguishing feature between 
aerobes and anaerobes is not the potential ultimate!}' reached in the culture, 
but the potential range at which they are able to start growing. U^ith some 
organisms, such as the pneumococcus, the level of reducing intensity is not 
maintained after the logarithmic phase of growth, highly oxidising conditions 
becoming gradually established ; this is associated with the formation of 
peroxide 

Other gases With regard to anaerobes, hydrogen and nitrogen are 
indifferent gases. Many anaerobes, however, do not flourish well in an 
atmosphere of carbon dioxide B abortus, on the other hand, when freshly 
recovered from the tissues, requires for its growth the presence of a consider- 
able excess of carbon dioxide Also, according to the observations of Glad- 
stone, Fildes and Richardson, the presence of carbon dioxide is essential for 
the growth of many pathogenic organisms The formation of to.xin and 
hsemolysin by staphylococci is increased in an atmosphere rich in carbon 
dioxide The mode of action of this gas in favouring bacterial growth is 
uncertain It may be directly assimilated or participate in o.xido-reduction 
or enzyme reactions , also in some cases it may prevent excessive accumula- 
tion of alkali Recently it has been shoum that heavy carbon (Cjj), supplied 
as carbonate, appears tn the carboxyl group of succinic acid produced by 
grou’ing B colt tn tlie medium (W'ood ei al). Fe«' e.xperime/its have been 
made on the action on bacteria of gases under pressure. Increased pressures 
of carbon dioxide and of oxygen both prevent the proliferation ot B. pych 
cyanetts , but whereas the former soon proves lethal, very high pressures of 
oxygen are merely inhibitory, ' *’ • - -- — -jlture to 

normal atmospheric pressure • <nied by 

exposure either to oxygen or c ressures, 

while many coliform bacilli will survive high pressures of both. Hydrogen at 
high pressures is not harmful 

Temperature. For every species of bacteria there is a temperature at 
which It grows best , this is called the ‘ optimum temperature There is 
also in each case a maximum temperature above which there is no growth, 
and a minimum temperature below which growth does not take place As 
a general nile the optimum temperature is about the temperature of the 
natural habitat of the organism It must be noted, however, that the 
optimum temperature for multiplication need not be the optimum for other 
vital functions For organisms taking part in the ordinary processes of putre- 
faction the temperature of warm summer weather (20° to 24° C.) may be 
taken as the average optimum, while for organisms normally inhabiting 
animal tissues 35° to 39° C. is a fair average. The lowest limit of ordinary- 
growth IS from 12° to 14° C., and the upper is from 42° to 44° C. In excep- 
tional cases growth may take place as low as 0° C , and as high as 75° C 
Some organisms which grow best at a temperature of from 60° to 70° C. have 
been isolated from animal manure, the mtestinal tract, etc , these have been 
called ‘ thermop" ' * * ’ ' ‘ above 

a certain limit, ^um or 

heating beyond ■ ' ivityis 
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merely paralysed. Especially is this true of the effect of cold on bacteria 
The results of different observers vary , but if we take as an example the 
cholera %'ibno, Koch found that while the minimum temperature of growth 
was 6° C., a culture might be cooled to —32“ C. without being killed When 
kept immersed in liquid air (about —190° C ), the typhoid bacillus and Staph 
aureus were still living after six months (Macfadyen) With regard to the 
upper limit, harmful effects are usually observed a few degrees above the 
optimum, and ordinary organisms m a spore-free condition will seldom long 
survive a temperature of 55° C. This appears to be related to the temperature 
at which the respiratory enzymes are destroyed Many organisms lose some 
of their properties when grown at unnatural temperatures. Thus many 
pathogenic organisms lose their virulence if grown above their optimum 
temperature, and at 42° C. the anthrax bacillus may also lose permanently 
(he faculty of forming spores Some cbromogemc forms, most of which 
prefer rather low temperatures, may fail to produce pigment at higher 
tern " ' * 

:i .! (■ . 

m ? } 

represents the extreme range for most pathogenic organisms ; beyond these 
limits they are inhibited or killed In certain cases there is special suscepti- 
bility or tolerance towards either the acid or the alkaline side Thus the 
cholera vibrio is very sensitive to acid and fails to grow m peptone water at 
a pH under 5 8 , on the other hand, it flourishes at a pH of 8 and tolerates a 
pH up to 10 6 The lactobacilh are ‘ aciduric ’ organisms (» e tolerate acid, 
sometimes called 'acidophilic') and in culture can develop a pH of under 3 4 
Enterococci have a very wide range for growth, from pH 6 to pH 11 

Light. The purple and brown bacteria and purple and green sulphur 
bacteria are the only members of the bacterial class in which assimilation is 
aided by exposure to light, either in the visible range or infra-red , this is due 
to their pigment, which contains a constituent closely related to chloro- 
phyll All other bacteria are damaged in their vitality by light rays Bac- 
terial pigmentation, however, is often intensified when the cultures are 
brought into the light 

The Methods ol Bacterial Action : Enzymes. The chemical actions of 
bacteria depend on the production by them of ferments or enzymes, bio- 
logical catalysts of a very varied nature and complicated action Thus the 
liquefaction of gelatin or coagulated serum is due to proteolytic enzymes 
which pass into the medium in which organisms are growing Ferments 
which invert sugar, which split up sugars into alcohols or acids, which 
coagulate casein, which form ammomum carbonate from urea, also occur 
The enzyme hyaluronldase (spreading factor), which is produced by some 
infective organisms, increases the permeability of tissues and so may be a 
factor influencing the extent of invasion (Duran-Reynals) 

Enzymes are apparently all of protein nature They may diffuse readily 
into the surrounding fluid, as m the case of gelatin-liquefymg organisms 
Frequently the enzymes pass into solution as a result of autolysis of the organ- 
isms. Again, they may be retained in the cells where they are formed , in 
the latter case the bacterial protoplasm often must be thoroughly disin- 
tegrated, eg by grinding, before the ferment is liberated, as in the ongmal 
preparation of zymase from yeast by Buchner Cell-free bacterial enzymes 
acting on carbohydrates have seldom been got. e g the lactic dehydrogenase of 
B coll, prepared by autolysing the washed bacteria along with 1 per cent 
potassium fluoride and filtering (Stephenson) That a purely intracellular 
digestion may take place is illustrated by what has been shown to occur in 
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the case of the Micrococcus urea, which forms ammonium carbonate from 
urea. Here, if after the action has commenced the bacteria are filtered off, no 
further production of ammonium carbonate takes place, which shows that no 
ferment has been dissolved out into the urine. If now the bodies of the 
bacteria be extracted with absolute alcohol or ether, “either of which of course 
destro 3 's their vitality, a substance is obtained of the nature of a ferment, 
which. W’hen added to sterile urine, rapidly' causes the production of 
ammonium carbonate This ferment has evidently been contained within 
the bacterial cells. The multiplicity of the enzymes formed by different 
organisms and even by the same organism presents a complicated problem. 

Adaptive and constitutive enzymes. In the investigation of the phenomena 
of the ferment action of bacteria, it has been noted in certain cases that the 
enzymes formed depend on the substrate offered to the organisms. Thus a 
suspension of B. colt which had been grown on agar and contained no enzyme 
acting on formate, was brought into contact %vith formate in broth ; after 
half to one hour hydrogen w’as evolved, although no multiplication of the 
organisms occurred up to three hours Here selection is excluded It is 
noteworthy, however, that only liring organisms exhibit such production of 
enzymes. Other adaptive enzymes are developed slowly, as when the tj’phoid 
bacillus growing in fluid medium containing dulcitol at first causes no change 
in reaction, but later produces acid. Then after repeated subcultivation in 
the presence of dulcitol a strain evolves which produces acid quickly. The 
acquired property may be retained on further cultivation in medium lacking 
the substrate. Constitutive enzymes, on the other hand, are formed irrespec- 
tive of the nature of the medium 

Autolysts ^ ' ' res and at the same time 

undergo autol; ical changes (involution 

forms, vide p. . . r and, if originally Gram- 

positive, cease lu leuiu uie sum , iiiiaiiy iney disintegrate and dissolve. 
These changes appear to be the result of enzjTnes contained in the organisms. 
The meningococcus, gonococcus, and pneumococcus are striking e.vamples, 
but the process occurs with many organisms. The meningococcus contains 
lysins which act both on itself and on various other organisms ; exposure to 
a temperature of over 70° C. for thirty minutes is required’for their inactiva- 
tion (Flexner) With the pneumococcus it has been found that the autolytic 
enzymes can be obtained in solution. They are inactive towards most other 
organisms, but act on the closely related Strept. vtridans. Low concentrations 
of iodine, formaldehyde, acetic aad, etc., inhibit the autolysis, but when these 
reagents are removed the process sets in ; larger amounts destroy the 
autolj’sin. Sodium desoxj'cholate and other surface-active agents hasten 
autolysis, so that when added to a fluid culture they’ cause it to clear almost 
at once Treatment by cold acetone followed by suspension in saline, also 
freezing and thawing have a similar effect. By the use of a small amount of 
the enzymes autolysis is modified, so that the pneumococcus becomes Gram- 
negative without undergoing further structural changes 

The Parts played by Bacteria in Nature. The chief effect of bacterial action 
in nature is to break up into more simple combinations the complex mole- 
cules of the organic substances which form the bodies of plants and animals 
or which are denved from them. The changes which organic substances 
undergo in being split up by bacteria depend, first, on the chemical nature of 
the substances involved, and, secondly’, on the vancties of the bacteria which 
are acting For an e.vact knowledge of the capacities of any’ particular 
organism there must be an accurate chemical examination of its effects when 
It ha*! been grown in artificial media the nature of which is known. That the 
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very complicated process of putrefaction is due to bacteria was first proved by 
Pasteur, since any organic substance can be preserved indefinitely from 
ordinary putrefaction by the adoption of some method of killing all bacteria 
present in it, as wall be afterwards described The destruction of protein 
substances which is mostly involved in the wide and varied process of 
putrefaction, can be undertaken by different varieties of bacteria. The action 
of the latter is analogous to what takes place when proteins are subjected to 
gastric and intestinal digestion. In these circumstances, therefore, the pro- 
duction of albumoses. peptones, etc , similar to those of ordinary digestion, 
can be recognised in putrefj’ing solutions, though the decomposition always 
goes further, and there results a mixture of simpler substances, including fatty 
acids and bases, ammonia, carbonic aad, methane, sulphuretted hydrogen 
and other foul-smelhng gases, and indole The processes as observed under 
natural conditions, are exceedingly complicated, and different bacteria 
(especially anaerobes) are concerned in the different stages An indication of 
slight proteolytic action is afforded by liquefaction of gelatin, fibnn, or co 
agulated serum or egg-white , such properties are exhibited by a number of 
pathogenic organisms 

Bacteria, as well as yeasts and higher fungi, are responsible also for the 
analogous processes of breaking down of carbohydrates which are comprised 
in the term fermentation The formation of particular substances in marked 
amounts by certain species, or even strains, of bacteria finds a valuable 
economic application, ig the production of acetic, butyric, propionic, and 
lactic acids, various alcohols (ethyl, butyl, etc ), acetone and methane, and 
other gases, etc Such processes may be wasteful, as in the spoilage of milk 
and the development of rancidity in butter, or they may be economically 
important, eg in the ripening of cheese or the manufacture of vinegar and 
acetone A common result of bacterial action is an alteration of the pH of 
the medium, sometimes towards the aad. sometimes towards the alkaline 
side A reversal of reaction may occur, e g acid substances being produced 
at first, and these then being broken down further with the formation of less 
acid products 

The disintegration of organic material, which is so prominent an effect of 
bacterial growth, is, of course, an accompaniment of the synthesis of the 
complex substances, of w’hich the bacteria themselves are built up. The 
most striking example of such synthetic power is presented in the case of 
those bacteria which in the soil make nitTog;cn available for plant nutrition 
by converting ammonia into nitntes and nitrates Winogradsky, by using 
media containing non-mtrogenous salts of magnesium, potassium, and 
ammonium, and free of organic matter, demonstrated the e.Mstencc of forms 
which convert, by oxidation, ammonia into nitrites, and of other forms which 
convert these mtntes into nitrates Both can derive their necessary carbon 
from alkaline carbonates Other bactena can actually take up and combine 
into new compounds the free nitrogen of the air Such is B radictcola 
{Rhizobinm leguminosantm) found in the tubercles which develop on the 
rootlets of the leguminosas Without such organisms the tubercles do not 
develop, and without the development of the tubercles the plants are poor 
and stunted Bactena thus play an important part m the ennehment and 
fertilisation of the soil On the other hand bactena are also found in the soil 
which reduce nitrates to nitrites and mtntes to ammonia The herbivora, 
on which the nutntion of carnivora depends, are enabled to utilise vegetable 
matter as food in virtue of the cellulose-splitting bacteria which flourish in 
their alimentary tract 

A certain comparatively small number of bactena have been proved to 
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other properties Thus it may agglutinate spontaneously in 0-85 per cent. 
NaCl solution, although forming a stable suspension in weaker concentrations. 
A very important character in which the two types may show differences 
concerns their immunological properties due to alterations in the antigens. 
Here it may be said that serologically the two forms may be distinct — an 
antiserum to the S form agglutinates not only the homologous smooth culture, 
but also all smooth cultures of the organism ; on the other hand, the S anti- 
serum has little action on any of the R \'ariants, whereas these are agglutin- 
ated by an anti-R scrum, which contains no agglutinins for the S form. 
Similarly S and R forms have been obtained from many other organisms, 
including the coli-typhoid group, the PasUnrella group, the anthrax bacillus, 
and also the streptococci and pneumococcus. There are frequently differences 
also in microscopic appearances of the individual organisms constituting the 
two types of colony , thus, in the case of capsulatc organisms, e.g. the 
pneumococcus, the rough variant may be devoid of a capsule. The different 
types of colony may correspond with markc<! differences in virulence, as De 
Kruif found in the case of a Pasteurella organism. Here the S type was highly 
virulent and the R type non-vinilcnt Similar observations have been made 
for other organisms, e.g the typhoid bacillus and the Salmonella group, the 
' normal ' forms of which are smooth. But the rough form is not necessarily 
the one which lacks vinilencc. eg. it is the smooth form of the anthrax 
bacillus which is non-virulent Other forms liave also been described, e.g. 
in the case of group A streptococci, * mucoid ’ and ' matt among winch are 
included the virulent cultures. Arkwright showed for B, paralyphosus A 
that vaccines of the R type, which was the less virulent, did not confer 
protection against infection with the S type. Once organisms have passed 
into the non-virulent R condition, it appears that they are not readily 
susceptible to conversion again into the S type by procedures such as frequent 
subculture or animal passage In order to obtain variants which are per- 
sistent in character, repeated plating and selection of colonies for subculture 
may be required 

In the Salmonelta group again, variants exist which are characterised 
solely by the possession of ‘ group ' and ‘ specific ' antigens respectively ; 
these differences are not permanent, and they are not associated with any 
distinctions in appearance of colonies A variation of a very striking kind 
which IS of permanent nature, has been induced experimentally in pneumo- 
cocci. A suitable living culture which has lost the power to form capsules 
and SO has become non-\nrulent, can be changed into the capsulate virulent 
form of another type by allowing growth to occur i« vitro in a medium 
containing a minute concentration of sterile substances derived from a 
capsulate culture of the latter type. The evidence points to the transforming 
substance being a desoxyribonucleic acid. 

As has been mentioned already in connection with adaptive enzymes 
variations in the biochemical or fermentative actions of bacteria are often 
met with , these have been especially studied in the coli-typhoid group, as 
will be afterwards described Thus new chemical characters may be acquired, 
and this may often occur spontaneously in culture, but is met with especially 
under two conditions, namely (a) a gam in fermentative properties when the 
organisms are grown for a long time on a medium containing a particular 
constituent, e.g a sugar, or (b) a loss of sucli properties when a substance 
somewhat mimical to growth is added to the medium — in both cases the 
organisms undergo adaptation. The occurrence of such variations is some- 
times indicated by the appearance of papill® on certain of the colonies on a 
solid medium When the papilla consist of organisms which have acquired 
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the power of fermenting a substance present in the medium and an indicator 
such as neutral red is also added the papilla; are of different colour — red on 
white colonies. In many of the examples given the variants revert to the 
original type after subculture, but in certain instances they are permanent 
The latter occurrence was observed first by Neisser and Massini in the case of 
‘ Bad. coli mutabile and similar phenomena were afterwards observed and 
fully described by Penfold. Later work of Leuis has shown that in this case 
the capacity to ferment lactose is a variation w'hich occurs in a small propor- 
tion of indi^’iduals in the culture quite independently of the presence of 
lactose Twort, by growing the typhoid bacillus for a long time in lactose 
medium, found that it acquired the property of fermenting this sugar , but 
this is a rare result and others have failed to effect the change The evidence 
points to such vanants being the result of adaptation rather than mere 
selection. 

As regards the significance of microbic variation, the changes brought 

' the life 
his v’lew 
; patho- 
genic bacteria at least, the association of alterations m colony form wjth 
' ' ’ “ • I - . . 1 . f with a phenom- 

)st and parasite 
■ non-virulent R 

■ ■ ■ ' ' ' ■ * ' protective mechanism in the host. 

when they are derived from single 
hanism. Although no sexual pro- 
cesses have been demonstrated In bacteria, the existence of multiple nuclear 
structures in a single organism, which has been claimed, would allow such 
events. 

In general, it may be said that the variations described among the patho- 
genic bacteria in no way interfere with the accepted biological classification 
The species recognised retain certain basic charactenslics , any variations 
observed represent subsidiary differences from the standard type The sub- 
ject of variation will be considered further in relation to virulence and to 
individual bacterial species, and will also be dealt with in its immunological 
aspects 

THE EFFECT OF PHYSICAL AND CHEMICAL AGENCIES ON 
BACTERIA— STERILISATION, ANTISEPTIC ACTION 

Conditions favounng the multiplication and other vital activities of 
bacteria have been discussed. It may be said that all other conditions are 
inimical , and in this connection it should be noted that many species of 
organisms fail to survive long m distilled water, e g the cholera vibrio. But 
special attention is paid to those agenaes which are either rapidly lethal or 
powerfully inhibitory Since bactena are ubiquitous in the neighbourhood 
of higher forms of life, it is necessary to exclude extraneous organisms 
preparatory to the study of the relations of bacteria to disease and other 
processes Therefore the killing of organisms {sterilisation) is essential m the 
preparation of all culture media and for receptacles intended to contain 
materials for bacteriological examination For all the above purposes the 
bactericidal agency should not persist after its action has been completed 
Further, infected articles must be rendered harmless as rapidly as possible 
by processes of disinfection The death of bacteria is judged by the fact 
that when they are placed on a suitable food medium multiplication does not 
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take place. Although not killed, bacteria may undergo other changes as the 
result of physical or chemical agencies. Thus their capacity to proliferate 
may be reduced or they may alter in their morpholog}’, developing filamen- 
tous forms and appearances like those due to autolysis ; also their metabolic 
processes may be reduced or altered and virulence diminished. 

The antibacterial action of serum and the treatment of infective diseases 
by administering agents which conduce to the destruction of the causal 
organisms or inactivation of their products, will be dealt with separately 
under Immunity, Serotherapy, and Chemotherapy ; bacteriophage is also 
considered by itself. 


Fhvsical AamiES 

Moist heat This is one of the most effective and easily applied bacteri- 
cidal agents. In watery medium the majority of non-sporing organisms are 
killed within a half to one hour at 55® to 60® C.. although higher temperatures 
may be required, e.g. 70° C. forsomestaphylococci. The heating of food-stuffs, 
such as milk, in this way to increase their keeping qualities is called ' pasteur- 
ising ’ Members of the coli-typhoid group after heating at 58° C. may fail 
to multiply on culture media when exposed to the o.vygen of the air and yet 
grow anaerobically (Oerskov). The term * thermal death point ' is sometimes 
applied to the temperature required to sterilise a bacterial suspension in a 
standard time, while ' thermal death time ’ is the time required to effect 
sterilisation at a given temperature ; however, both are somewhat indefinite, 
since the resistance of the same species of organisms tends to vary. Increase 
in temperature has a very great effect in shortening the time required for 
sterilisation Thus within the range of 10° C. from 49° C. to 59° C. the steril- 
ising time for typhoid bacilli is reduced from 196 minutes to 1*26 minutes 
(Chick) Raising momentarily to the boil is fatal to vegetative forms of all 
organisms Spores are more resistant and withstand boiling for a variable 
penod, which depends on the species, but also, spores of the same species vary 
widely among themselves in their resistance to heat. While spores of B. 
subtiUs may withstand boiling for many hours, those of the common patho- 
genic sponng organisms, e.g the anthrax bacillus, are killed in ten minutes 
The time required for germination of heated spores which have not been 
killed, may be greatly lengthened owing to the destruction of some essential 
products supplied by the growing organisms , but in other cases heating short 
of a lethal temperature causes accelerated germination. In order to avoid 
prolonged heating, which may damage culture media, Tyndall's method of 
intermittent sterilisation is used — heating in a ‘ Koch's steam steriliser ’ at 
100° C for twenty minutes on each of three successive days. In this way 
vegetative organisms are killed on the first exposure ; and any spores which 
survive will have passed into the vegetative state before the second or third 
heating. Moist heat at temperatures above 100° C., t e. saturated steam under 
pressure, has a very powerful sterilising action. At a pressure of thirty 
pounds per square inch, equivalent to 121*5° C., all organisms and spores 
are killed in a quarter to half an hour. The boiler used for this purpose is 
called an autoclave. An important property of moist steam is its penetrating 
power , dry steam is not a more effective sterilising agent than any other 
hot gas Dry heat is much less effective than moist and also less penetrating. 
Its applications arc limited, e.g. the sterilisation of bacteriological wires by 
flaming to a dull red heat, and of glass articles plugged with cotton-wool 
stoppers or wrapped in paper, for whitdi exposure at 170° C. in a ‘hot-air 
oven ’ for one hour suffices. The action of heat, short of carbonising, is in 
denaturating the bacterial proteins. 
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Cold is harmful to certain organisms, eg. the gonococcus and meningo- 
coccus die more quickly at 2° to 4® C or room temperature than at 37° C , but 
most bacteria survive longer at 2° to 4° C than at 37° C Aqueous suspensions 
of vegetative bacteria when kept frozen die more quickly at temperatures 
just below 0° C than at — 20° C, due to denaturation of their proteins 
B. Pyocyaneus is particularly susceptible, while spores are unaffected 
(Haines). Bacteria resist very low temperatures, such as that of liquid air 
or liquid hydrogen, for long periods 

Drying in the ordinary way quickly kills some organisms, such as the 
gonococcus, meningococcus, and cholera vibno, while others, like the diph- 
theria bacillus and the tubercle bacillus can survive and remain virulent for 
weeks m the dry state in the dark Many spores also remain virulent for 
years Avhen dried on threads or glass beads Rapid drj'uig from the frozen 
state (‘ lyophile process ’) followed by storage *« vacuo in the refngerator is an 
effective means of keeping organisms alive and \nrulent, especially when they 
have been suspended in a medium containing protein, such as dilute serum 
(Burrows) 

Light and other radiations. Light is harmful to all but the photosynthesis- 
ing bacteria. The most active bactericidal rays are those m the ultraviolet 
region, which occupy a position in the spectrum at some distance from the 
visible rays — from 2,960 to nearly 2,100 Angstrom units, as tested with a 
tungsten arc and quartz spectrograph Theextent vanes somewhat in the case 
of different organisms, but the area of rays m the spectrum effective against 
any one organism is comparatively sharply marked off The bactericidal rays 
have little pentratmg power, being completely absorbed by human skin in a 
thickness of 10 mm and also by glass Only those rays which are bactericidal 
to the Staph aureus are absorbed by a suspension of that organism Toxins 
also are destroyed and proteins coagulated by ultraviolet radiation The 
exact mode of action is not clear. Ultraviolet rays have been applied practi- 
cally for the disinfection of the air of rooms Direct sunlight has a very 
mimical effect on bacteria, as onginally discovered by Downes and Blunt 
It IS chiefly the blue, violet, and ultraviolet rays which are fatal Exposure 
of anthrax spores for several hours to sunlight through glass kills them 
Typhoid bacilli are also killed, and similar results have been obtained with 
many other organisms Under the conditions observed, the capacity of the 
medium to produce growth of the organisms is not affected Also the 
fallacy which might arise from the effect of the heat rays of the sun has 
been excluded, although light plus heat is more fatal than light alone 
A powerful electric light is also fatal Diffuse daylight has an injurious 
effect on bacteria, but a much longer exposure is required Another effect 
of light is to produce peroxide in unmoculated media, which then acts 
as an antiseptic The formation of peroxide appears also to account in 
great part for the photodynamic action of solutions of certain dyes, e g 
rose bengal, eosm, methylene blue, etc , which when added to a suspension 
of bacteria rapidly cause their death on exposure to light provided that 
molecular oxygen is present The dyes which have this effect are gener- 
ally those which fluoresce in solution, although there seems to be no close 
relation between the two effects The lethal action of q-, y-rays of radium, 
X-rays of both hard and soft 
has been compared by Lea el > 
the lethal dose being indepeni 

temperature It vanes for different radiations and a paradoxical effect was 
noted, namely that for B coh the dose was greatest with the radiations which 
produce ionizations closest together, t e. a-rav'S, and smallest with ^-rays. 
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with which ionizations are farthest apart, whereas for spores of B. jnesentericus 
the lethal effect was graded in the reverse order. It is supposed that death of 
an organism is due to an ionizing particle passing through a specially sensitive 
region, a target, which may be a gene. 

Vibrations of some and supersonic nature have a killing effect on bacteria 
which may not be purely mechanical. Mechanical shaking of a suspension of 
organisms with solid particles, e.g. glass beads of varying sizes, produces death 
and disintegration of vegetative forms and spores w’ithin several hours. 


Chemical Compounds — Antiseptics 


From Koch’s time onwards, owing to the importance of being able to kill 
or inhibit bacteria, an enormous amount of investigation has been directed 
to the means of doing so by chemical agencies A substance having such a 
capacity is called an antiseptic, and the term is usually applied to substances 
which act in relatively high dilutions. Most antiseptics are general proto- 
plasm poisons harmful to all forms of life, higher as well as lower, so that their 
use is limited to the inhibiting or killing of bacteria outside the animal body ; 
still even this is of high importance. But all powerful antiseptics do not 
coagulate proteins such as serum or egg albumen. A distinction is otten 
drawn between a bactericidal or germicidal agent, which sterilises organisms 
rapidly m high dilutions, a bactenostatic agent, which prevents multiplica- 
tion, although causing death only slowly, and an antiseptic, which interferes 
with the vital activnties of bactena. but does not necessarily kill them. 
However, the one property tends to merge into the others. 

Methods of Estimating Antiseptic Activity. These vary very much. ^ In 
early mquines the amount of an antiseptic necessary to prevent putrefaction, 
e g. in broth, urine, etc , was studied , but as bacteria vary in their powers of 
resistance, the method was unsatisfactory It is now usual to estimate the 
eHect of an antiseptic on pure cultures of pathogenic organisms, and in the 
case of sporing bact > ~ ... i . . . 

investigated The ■ 


lytiCHs, B colt, and 

the last being employed for testing the action on spores. A good method is to 
wash oft the g^o^vth from a twenty-four hours' agar-slope culture, and suspend 
it in sterile distilled water, remove coarse particles by brief centrifuging and, 
rejecting the sediment, add a measured quantity of the supernatant suspension 
to a gjv'en quantity of varying dilutions of the antiseptic dissolved in distilled 
water Then after the lapse of the penod of observation, e.g fifteen or thirty 
minutes, one or two loopfuls of the mixture are removed and placed in a great 
e.xcess of culture medium ; here it is preferable to use melted agar, which is 
then plated and incubated, since the number of colonies developing in com- 
parison with the control, ■ ' 

cidal action even when 
medium is very comm 

chemical agents it is necessary to be sure that the culture fluid is in great 
e.xcess, so that the small amount of the antiseptic which is transferred with 
the bactena may be diluted far beyond the strength at which it may be 
capable of inhibiting growth of the organisms. Sometimes it is possible at the 
end of the penod of action to change the antiseptic into inert bodies by the 
addition of some other substance, but there is an objection to this procedure 
if a precipitate results, since the bacteria may be carried down with the 
precipitate and may escape the culture test. To test the effects of antiseptics 
on spores, Koch soaked silk threads in a suspension of anthrax spores and 
dried them These were then subjected to the action of the antiseptic, well 
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washed in water, and laid on the surface of agar. In using this method to 
test the efficiency of mercuric chloride it was found necessary to treat the 
organisms with ammonium sulphide, otherwise the antiseptic effect of traces 
of the mercuric chloride fixed by the spores went on after they were removed 
to the culture medium As a rule, the method described, in which the small 
amount of antiseptic adhering to the bacteria is diluted with an excess of 
culture fluid, can safely be followed, especially when a senes of antiseptics is 
being compared Kronig and Paul introduced what is known as the ' garnet 
method ’ for testing antiseptics. In this, small glass beads of equal size are 
carefully cleaned, dipped in a suspension of spores of the anthrax bacillus, 
and allowed to dry. They are then placed in the antiseptic solution, and 
from time to time some are removed, washed, and well shaken in a measured 
quantity of water , this is plated, and the number of colonies developing is 
counted 

In order to test a slowly acting antiseptic, varying concentrations of the 
latter arc added to a constant volume of fluid medium (peptone water, or 
serum sterilised by previous heating at 56® C ), m a senes of plugged sterile 
tubes , then the test amount of bacteria, eg a diluted young broth culture, 
is added to each ; the tubes are incubated for twenty-four or forty-eight hours 
at 37® C and the presence or absence of growth noted by the appearance of 
turbidity and by subcultunng. Another method consists m adding varying 
amounts of the antiseptic to a senes of tubes, each containing a fixed amount 
of melted agar medium The mixtures are then poured into Petri plates. 
When the medium is set and its surface thoroughly dry, a stroke inoculation 
is made with a dilute suspension of a young culture of the organism to be 
tested. The dilution aimed at is such that on the control plate, wthout 
antiseptic, the stroke will yield a line of semi-confiuent colonies. In this way 
a number of different organisms can be tested on the same plate. The 
results are read after forty-eight hours’ incubation at 37® C. 

The standardisaUon of antistpUcs. A watery solution of carbolic acid is 
commonly taken as the standard with which other antiseptics are compared 
The procedure in Rtdeal and Walker's method is to inoculate with a fixed 
amount of bacterial suspension or of a twenty-four hours' broth culture, a 
fixed volume of a senes of dilutions of the antiseptic to be tested, and at the 
same time a similar volume of a standard solution of chemically pure carbolic 
acid, if g 1 . 100 , at sliort intervals (two and a half, five, seven and a half, 
and ten minutes) subcultures from all the tubes are made by inoculating 
tubes of broth with a loopful of each of the mixtures, and these cultures are 
kept at 37® C for forty-eight hours The tubes containing the mixtures of 
antiseptic and bacteria are kept at a constant temperature (18® or 20® C ) m 
a water-bath during the period of the test The results show (1) the time 
required to produce sterility with the concentration of carbolic acid used (by 
means of a preliminary test, the concentration of carbolic acid is determined 
which kills the test organisms in seven and a half minutes, but fails to kill 
them m five minutes , this is the concentration to be used, and (2) the highest 
dilution of the other antiseptic which also produces sterility in the same 
time, say 1 3,000 The latter substance is then stated to have a ‘carbolic 
acid coefficient ’ of 30, since under the conditions of the test the same bacteri- 
cidal effect was produced by 1 100 carbolic acid With a view to obtaining 
similar results in tests carried out on different occasions, it is usual to prepare 
the media under standard conditions as regards ingredients and pH , also, 
alwavs to use the same strains of organisms {B typhosus or B colt), and to 
subculture them at fixed inter\als. c g to maintain the stock culture by sub- 
culturing once a month, and for four or fix-e daj-s before the test to subculture 
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the organism dai!\ ^ It is to be noted that in comparing antiseptics b} the 
above method the question of the organisms being killed at different rates by 
\anous substances is not taken into account (ri/Zc tnfrn). 

Chick and Mar/iu's Method Since under practical conditions antiseptics 
are required to destroy organisms in solutions containing organic matter, 
the above method has been modified b 3 ' causing the antiseptics to act on the 
bacteria in the presence of a suspension of 3 per cent, of dried sterilised 
human fieces Cultures are made from the mixtures after thirty minutes’ 
contact A suspension of commercial j'east has been recommended as an 
advantageous substitute for fieces (Garrod).* 

The Effects oi certain Antiseptics. Here it is possible only to indicate 
l)nefl\ result'' obtained with the more important and commonly used sub- 
stanie*^ 

stmii-; acids, te those \ihjch are highly dtssociatecl, eg lICl, are more 
po\verfu]!\ antisrptic than weak acids, r ^ boric. thcH ions in this case being responsible 
for the etteti (.Jther factors, however, may also be invoUed, as appears from the anti- 
septic a^tinn oJ such acids as acetic and benzoic, the effectiveness of which is high out 
of proportion to their flissociation 

Alkalis piovided thej do not contain a poisonous metal, e g. banum. act in propor- 
tion to their decree of dissociation Thus ammonia is less bactencidal than caustic 
potash <jr soda 

Small amounts of acids or alkalis, which arc not of themselves bactericidal, may 
enhance the effect of other disinfecting agents. This is markedly the case with hot 
water for instance the addition of 2 per cent, sodium carbonate to water for sterilising 
steel instruments bj boiling incidentally the soda also prevents rusting). 

Halogens .Vs the atomic weight increases from chlorine to bromine and iodine anti- 
septic power decreases Chlorine dissolved in water is a very powerful antiseptic 
provided that practically no other organic material is present in addition to the bacteria 
Hence it has been used on a large scale for the sterihsation of drinking-water supplier 
(1 to 2 parts of chlorine per million parts of water, thirty minutes being allowed for 
action) At the < ■ • q ■ . • i v «*v • j i I 

products b> addi' . / »*.• , I i ; ' 

(P-toluene sodiu, I , •• * .• • • ••■ ' j< 

solution of chloramine-T added in the proportion of 2 volumes to 1 volume of tuberculous 
sputum will sterilise the latter in four hours (Uhlenhuth and Hailer). Iodine in the form 

of Liq lojj mit is used for sterilising the skin surface prior to surgical operations , but 

it may cause severe local imtation of the skin In watery’ solution iodine is one of the 
most efficient agents for sterilising catgut for surgical sutures The action of iodoform is 
obscure, as it shows no antiseptic action in litre. 

These vary very greatly m their toAic effects Sodium chloride in so-called 
physiological solution, is bactericidal for some organisms, eg. the meningococcus, but 
this is counteracted ' • — * • • -->i. t_ .. -...♦r.^nt 

medium, however, 

Again, some marine 
3 per cent Chi the 
be due largely to i 

growth As regards the anion, sulphate, thiosulphate, tartrate, and chlonde are among 
the least toxic, while tellurafe, penodate, bichromate, and teJlunte are among the mos 
toxic Selective action, however, is frequently met with, e g the relative resistance ot 
diphtheroids to tellunte and tcllurate and of Cram-positive as compared with Gram- 
negativ e organisms to sodium azide As regards the cation, divalent cations tend to be 
more tox c than univalent ; and dissociated salts of the heavy metals, especially mercu^ 
and silver, are very powerful bactencides. In the case of mercury compounds the 


injury to the cell. Thus the SH group is to b© regarded as an ' essential metaboiiie . 
f e. a substance without which metabolism cannot proceed to the extent required lor 


» The specification of a standard method is obtainable from the British S^ndards 
Institution. 28 Victona Street, London. S W.l — Specifications Xos 641 and 808 - 
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growth \Vhen water containing little or no organic matter, apart from bacteria, is 
placed m a vessel of silver, copper, etc . the organisms are killed, apparently by the 
traces of metallic compounds which pass into solution, the so-called oligodynamfc 
effect 

Among mercury compounds the pereUonde 13 a strong antiseptic, a f J. 000 solution 
being rapidly fatal to all non-spored organisms ; and of all the salts of the heavy metals it 
has been most used. It is, however, a powerful poison for higher forms of life. Organic 
compounds of mercury have been introduced, eg mercurochrome {sodium salt of 
dibromoxy-mercury-fluorescein) and mertbiofate (sodium ethjl mercunthio-salicylate). 
which, although powerfully antiseptic. arc relatively non-toxic for mammalian tissues, 
it IS probable that m these the activity resides in a complex ion 


believed to act, in part at least, m virtue of reducing properties tormaiuehyae, usea as 
formalin, a 40 per cent solution m water, is a powerful antiseptic and general poison 
It IS employed for treating infected articles, and, on account of its being volatile, is used 
for room disinfection. « g by spraying with 2 per cent, formalin It tends to polymerise 
into inactive compounds 

Phenol (carbohe acid], since its introduction for surgical purposes by Lister, has been 
»rr..i -infxontir than mercuric cWonde, higher 


* ’ tion It acts fairlv 
Solutions in vege 

I :ally analogous sub 

. • , ... 4 a mixture of these mth soaps 

• vantage of detergent as well as 

>r treating infected articles A 
lulsions than when dissolved 
Krumwiede and Banrhaf recommend for the preservation of antiserum the addition of a 
mixture of equal parts of ether and cresol, so as to give a final concentration of 0 4 to 0*5 
per cent of cresol, with immediate shaking to cause a uniform mixture Hevyl- 
resorclaol belongs to this group Dettol is a mixture containing halogen derivatives 
of xylenols. 

Daste organte dye-stuffs Certain of these are very powerful bacteriostatic agents, 
and the extremely low concentrations which at first inhibit the activity of the bacteria 
finally cause their death, e g crystal violet, bnlfiant sneB. the amrno-acridine group 
(proflavine, acnflavine, S-amiuo-acndine which is practically colourless), etc The 
.. 1 _ hv s<»rum they act best m an 

ammaliaa tissues the 
QUO solution, as sur- 
viofet (0 S per cent 

* — — ... ,,..,1 H......-, ... a Dowerful and un- 

tions 

, , .... operties 

are important in leading to the mechanical miiovat 01 u,.., . j atenals 

Sodium and potassium salts of the saturated higher fatty acids, palmitic and steanc, 
1 ... birtencidal action on many organisms, ^including streptococci. 


practically free the skin surface from the aoov«-itaiu.-M 

water soap), chiefly composed of saturated 


areusualJylesseSective Astrikingpiopetyi 
incorporated in agar they prevent the <A « 

at the site of inoculation, r g sodium lauiyl sulphate. 1 


the most active against typhoid 
i<r Timvrrfully on pneumococci and 
live bacilli at ordinary 
3St eSective foriaactiva- 
■ ■ 000 solutions at a pH of 

,.Tr>,«Ae staphylococci 
1 the basic (cati- 
cctyl trimefhyl 
ectivo effect on 
. 1 cetyl sulphate. 

•nts IS that when 
froleus without affecting growth 
10.000 (Lominski and Lendnim) 
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Alcohols Antiseptic action increases with the molecular weight from methyl to 
primar>- amyl alcohol. The presence of w'ater is necessary for lethal action ; and with 
ethyl alcohol the optimum addition is 30 to 50 per cent \\’hile dilute ethyl alcohol kills 
^ores at boiling point, they resist temperatures above 100’ C. in the absence of water. 

' ‘ Eighty per 

■ , ' ■ , ^uids such as 

serum The antiseptic is finally remo\'cd by evaporation when a thm layer of the treated 
liquid IS exposed to the air 

Aerosols and gases By aerosol is meant a mist of fine droplets, which can be 
produced b>’ a suitable atomiser Certain substances in this form, e g hypochlorite 
solution or a mixture of hexyl resorcinol and propylene glycol are highly effective in 
•Jestrojing bacteria in the air of rooms and at the same time can be breathed safely. 
Prop> lene glycol also, as vapour in the proportion of 1 grm of the substance to from 
2 to 4 million cubic centimetres of air, stenlises practically immediately the following 
organisms introduced into the atmosphere as Suspensions in the form of fine spray — 
pneumococci, streptococci, staphylococci. Pfeiffer’s bacillus, etc , and influenza virus 
(Robertson et al ) 

Antibiotic agents — Gramicidtii, Pentctlhn, etc. The term antibiotic is applied to an 
antiseptic substance which is a product of the growth of organisms It has fong been 
known that certain bactena inhibit the groivth of others in itlro In the case of a solid 
medium this is demonstrated when a mixture of the two is used to inoculate the surface , 
no colonies of the susceptible bacteria develop close to one of the inhibitory kind, while 
at a greater distance there is growth of the former Thus it has been found that B. 
p^ocyanetis suppresses various organisms and a similar effect Is produced by a sterile 
filtrate of a culture, ‘ pyocyanm ’ , also, staphylococci inhibit the diphthena bacillus 
and the typhoid bacillus is inhibited by certain strains of coliform bacilli. In some cases 
the explanation,©! the inhibition is simple . for instance, failure of the cholera vibno to 
grow in the neighbourhood of B coh on a medium containing a sugar fermented by the 
latter, is due to the resulting acidity, but often conditions are more complex Further 
progress in this line was due to Dubos. who prepared from cultures of B brevts, an 
aerobic sponng organism, an inhibitory product, IjrolAriein ; from this two alcohol- 
soluble polypeptides, gramicidin and tjTOCidine were separated. Gramctdtn in dilutions 
of upwards of one in a million iii vtiro, inhibits Gram-positive cocci, but does not 
lyse any organisms Tyrocidme, which is somewhat less potent, apts on Gram-posithe 
and, to a less degree, Gram-negative bactena, provided proteins or peptones are absent. 
It also causes bactenolysis of organisms which tend to autolyse readily. The action 
resembles that of bactencidal cationic surface-active agents A number of other bactena 
form antibacterial products, which have various chemical constitutions , and they arc 
also produced by actinomycetes and fungi, eg penicillin, which will be treated under 
Chemotherapy 

From the c.xamples which have been given it will be recognised that the 
choice of an antiseptic and the precise manner in which it is to be employed 
depend on the conditions under which the bacteria are to be killed In 
practice it is essential to use an antiseptic in sufficient concentration, to let it 
act for sufficient time, and to ensure that it penetrates the material to be 
disinfected so as to come into contact with the bacteria In' illustration of 
the last point it mat be mentioned that mercuric chloride solution will fail 
to disinfect sputum, because it coagulates tlie surface of the mass and so does 
not reach the interior. 

Factors Modifying the Action of Antiseptics. The action of antiseptics 
depends upon vanous factors Thus the medunn in which the bacteria are 
suspended is important , most of the powerful antiseptics arc greatly 
diminished in their action by the presence in the fluid of proteins or minute 
particles of organic matter which, according to Chick and ilartin, act as 
adsorbing agents, and this is the reason "*hy the action of such antiseptics on 
bacteria in farces or sputum is limited in degree. The presence of water in 
the medium also plays an imiKirtant part ; thus phenol or mercuric chloride 
when dissolved in alcohol is a much less powerful antiseptic than when in 
watery solution and the same is true of phenol in a vegetable oil; and 50 to 70 
jxrr cent, alcohol kills organisms more rapidly than absolute alcohol. Again, 
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the temperature at which the inivture of antiseptic and organisms is kept has a 
great influence ; e.g. wth B. paratyphosus at temperatures from 0° C. to 35° C. 
a rise of 10° C. increases the rate of killing by HgClj three- to four-fold and 
by phenol seven- to fifteen-fold. Other factors, such as the hydrogen-ion 
concentration, the degree of ionisation, and the dispersion of the antiseptic, 
may have a marked effect upon the lethal action of a given substance on 
bacteria. The effect of hydrogen-ton concentration is well illustrated by the 
basic amino-acridine compound, acnfla\uDe, which has a much more powerful 
antibacterial action at a high pH (9) than at a low (5) The presence of NaCl, 
which reduces the ionisation of mercuric chloride, diminishes the antiseptic 
pow er. On the other hand, phenol, the antiseptic effect of which is due to the 
molecule as a whole, is increased in its action by the presence of salt As 
regards the influence of disperston. Chick and Martin found that certain anti- 
septics of the phenol group acted more powerfully when in the form of a fine 
emulsion than when m true solution, the former condition apparently 
favouring adsorption of the antiseptic by the bacteria. 

The killing of bacteria or spores by an antiseptic appears as a rule to 
proceed like a chemical reaction ‘ of the first order ’, such as the inversion of 
sugar by acid ; thus, when the antiseptic is in excess, the number of organ- 
isms killed in a given time bears a fix^ proportion to the number present at 
the beginning of the period of observation — the logarithmic law Variation 
in concentration of the antiseptic affects the rate of killing to a degree which 
depends on the particular substance. Thus Chick found that a 1 2 per cent 
solution of phenol killed a suspension of paratyphoid bacilli in 3-5 minutes, 
but with 0 6 per cent phenol 240 minutes were required, * e when the con 
centration was halved the killing time was increased seventy times On the 
other hand 1 : 1,000 HgCl* killed the organisms m T5 minutes and 1 . 2,000 
HgClj took 7 minutes, » e halving the concentration increased the killing 
time only five times. 

Antiseptic properties, of course, depend essentially on chemical constitu- 
tion The chemical characters which determine the antiseptic properties of 
substances are, however, complex and still to a great extent obscure Some 
antiseptics, such as phenol or mercuric chlonde, act rapidly, and concentra- 
tions which fail to kill the bacteria within a few hours may have little effect 
in inhibiting their multiplication subsequently On the other hand, some 
basic organic dyes are only slowly lethal , at first they merely prevent 
proliferation of the organisms (bacteriostatic action), and twenty-four or 
forty-eight hours are required for the development of their maximum lethal 
effect Another property of certain antiseptics is their selective action , for 
instance, with crystal violet Gram-positive organisms are m general more 
susceptible than Gram-negative , the concentration required to kill B coh 
is five hundred times greater than that which kills staphylococcus. Both of 
these organisms, however, are practically equal in their susceptibility to 
mercuric chloride In comparing different antiseptics it is important to 
express their activity in terms of the molecular concentrations of the solutions 
used 

Mode of Action of Antiseptics. The bactericidal agencies onginally 


a general property of protoplasm poisons. Later it appeared that many 
antiseptics do not coagulate proteins and also that in some cases the lethal 
effect can be counteracted by treatment with suitable antidotes for a con- 
siderable time after the antiseptic has been fixed by the organisms 
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Accordingly an antiseptic may combine with some particular constituent of 
the bacteria, an essential metabolite or some enzyme, and thereby bring to an 
end processes necessary for muitipUcation of the cells, as is postulated in the 
case of mercury acting on the SH groups. Further, selective action is 
frequently a marked feature, one species of organism tolerating even many 
hundred times the concentration which kills another. In this respect there 
is often parallelism between the behaviour to antiseptics and to Gram’s 
stain. Gram-positive organisms being highly susceptible to certain anti- 
septics, such as hexamethyl violet and cationic surface-active substances, 
which have little action on the Gram-negative bacilli of the coli-typhoid 
group. Among members of the same group of organisms too, marked 
differences may exist, such as the relative resistance to brilliant green shown 
by typhoid and paratyphoid bacilli as compared with the common intestinal 
types of cohform bacilli. When the lethal action occurs gradually, so as to 
enable its progress to be followed numerically, it is usually found that 
throughout the greater part of the course the number of organisms or spores 
killed in a unit period of time is a constant proportion of those-alivc at the 
beginning of the period. This is analogous to the chemical ‘law of mass 
action where one reactant (here the bactericidal agent) is present in great 
excess. The explanation advanced is that the resistance of the bacteria 
fluctuates rhythmically, so that only a proportion are susceptible at any 
giv’en instant (Chick). Finally, antiseptic properties arc e.vhibitcd by sub- 
stances so diverse chemically that it appears highly unlikely that they can 
have a uniform mode of action , illustrative examples have already been 
given As regards the mcchanbm of the killing action, fixation of the 
antiseptic by the organisms is the first stage ; this may be accompanied by 
concentration of the substance in or on the organisms in virtue of adsorption 
or surface action or omng to the affinity of particular chemical constituents 
of the organisms for the active ions of the substance. This last mechanism 
IS well illustrated by antiseptics of the amino-acridine group, acri/layine etc. 
Here it is the cation which produces the bactericidal effect since this is inten- 
sified when the pH is increased (Browning et al.). Presumably the cation 
combines with nucleic acid components of the organisms, as nucleic acid or 
nucleotides reverse the antiseptic action (Mcllwain). It has been found abo 
in this senes that increase in basicity runs parallel up to a certain point iWth 
increase in antiseptic potency, as well as hydrophilic property (Rubbo et al.) 
At present, however, leaving out of consideration those agents which denatur- 
ate proteins, it is seldom jjossible to identify the mechanbm of lethal action 
as consisting m interference with any particular anabolic or katabolic 
process of the organisms {vide chapter on Chemotherapy). 

THE CLASSIFICATION OF BACTERIA 

What is said under this heading will be chiefly confined to the characters 
of the pathogenic bacteria. In the past there have been numerous schemes 
set forth for the broad classification of bacteria, all based in general on the 
same fundamental principles. There has been little agreement, however, 
among systematists as to the characters on which more detailed classification 
should be based, and even yet our knowledge of the essential morphology and 
relations of certain bacteria is too limited for an exact classification on a 
strictly biological basis. Identification of species is dependent, not only on 
the morphology of individual organbms and that of growths on culture media, 
but also on physiological and biochemical characters, pathogenicity to 
animals under experimental conditions, and in some cases on delicate serum 
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reactions. In recent years an extensive scheme of classification has been put 
fonvard by American systematists, and this will be referred to below after a 
simple general account has been given. 

The division into Lower and Higher Bacteria can be recognised, though 
transitional forms have to be accounted for. In subdividing the bactena 


chfetes. Subsidiary, though important, points in the further subdivision are 
the planes in which fission takes place among the cocci, the presence or absence 
of spores, etc. The recognition of actual species is often a matter of great 
difficulty. The points to be observ’ed in this will be discussed in connection 
with the individual organisms 

I. The Lower Bacteria. These, as we have seen, are minute unicellular 
masses of protoplasm surrounded by an envelope, the total vital capacities 
of a species being represented in every cell They present the four distinct 
forms mentioned above. Endogenous sporulation may occur , they may also 
be motile. 

1 Cocci (or Micrococci). In this group the cells range in different species 
from 0-5 n to 2 in diameter, but most measure about 1 ft Before division 
they may increase in size m all directions The main groups are usually 
classified according to the method of division If the cells divide only in one 
axis, and remain attached, then a chain of cocci will ba formed The group 
in which this occurs is known as a Streptococcus. If division takes^place 
irregularly, the resultant mass may be compared to a bunch of grapes, and 
the group is called a Staphylococcus Division may take place m tw’o axes at 
right angles to one another, in w'hich case cocci adlierent to each other in 
plates of four (called tetrads) or multiples of four may be found, the former 
number being the more frequent This form of coccus has sometimes 
been designated Telracoccus The individuals m a growth of micrococci 
often show a tendency to remain united in twos This form is spoken of as 
a Diplococctts, but may not be distinctive, since every coccus as a result of 
division becomes a diplococcus, though in some species the tendency to 
remain m pairs is w-ell marked In some species capsules are a characteristic 
feature often these have a well-marked outer limit, e.g. pneumococcus, 
sometimes they are oi great extent, the diameter being many times that of 
the coccus [e g Streptococcus mesenteroides) In none of the cocci have endo- 


cubes of eight with the sides which are in contact slightly flattened Large 
numbers of such cubes may be lying together The saremse are, as a rule, 
rather larger than the other cocci Most of the cocci are non-motile, but 
a few motile species possessing flagella haw been desenbed , possibly, 
however, these are more of the nature of short bacilli — cocco-bacilh 

2. Bacilli These consist of long or short cylindncal cells, with rounded 
or sharply rectangular ends, usually not more than 1 broad, but varying 
very greatly in length They may be motile or non-motile Where flagella 
occur, these may appear to be distnbuted all round the organism — fert- 
trichoiis, or only at one or both of the poles — terminal Several species are 
provided with sharply marked capsules (e g pneumobacillus) In many 
species endogenous sporulation occurs The spores may be central, terminal, 
or subterminal, round, oval, or spmdle-shaped There is no doubt that 
among the bacilli m certain cases, eg B tuberculosis, the phenomenon of 
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true branching may occur. Such instances form a connecting link between 
the bacilli and the higher bacteria, eg. streptothrices. 

3. Vibrios and Spirilla. These consist of curi’ed rods or cylindrical non- 
flexuous cells more or less spiral or wavy. The unit is usually a short curved 
rod or vibrio (often referred to as a ' comma ' form). When two or more of 
the latter occur, as they often do, end to end with their curves alternating, 
then a wavy or spiral thread results. An example of this is the cholera 
organism. The motile species possess terminal flagella. Of the latter there 
may be one or two, or a bunch containing as many as twenty, at one 
or both poles. Division by transverse fission takes place as among tJje 
bacilli 

4 Spirochates. These are elongated flexuous cells which show undula- 
tions or true spirality. As a rule they are slender in proportion to their 
length, and some of the smaller forms are of extreme tenuity. Motility has 
generally been regarded as due to the contractility of the protoplasm and 
may be of a lashing, wave-like, oscillatory, or corkscrew-hke character. 
Recently, by special methods of staining and also by means of the electron 
microscope, definite flagellar structures have been demonstrated in certain 
spirochiEtes The larger forms reach a considerable size and a relatively great 
length, and some of them have a spirally-twisted crest running along the 
whole length of the cell. They multiply by transv’erse fission, but longitudinal 
division has been described in some of them, although this is doubtful. The 
pathogenic species belong to different genera — Treponema, eg. organisms of 
syphilis and yaws, etc , Borrelta, e.g organisms of relapsing fever, and 
Leptospira, e g organism of infective jaundice. The morphological character- 
istics of these are described in laterchapters 

The above forms are illustrated jn Figs. 3 and 1. 

If The Higher Bacteria. These consist generally of filaments, 
branched or unbranched. In most cases the filaments at more or less regular 
intervals are cut by septa into short rod-shaped or curved elements. Sucli 
elements are more or less interdependent, and special staining methods are 
often necessary to demonstrate the septa which demarcate the individuals of 
a filament There is often a definite membrane or sheath common to all the 
elements in a filament Not only, however, is there this close organic rela- 
tionship between the elements of the higher bacteria, but there is also 
interdependence of function . for c.xample, one end of a filament is frequently 
concerned merely in attaching the organism to some other object. The 
greatest advance on the lower bacteria, however, consists in the setting apart 
among some of the higher bacteria of the free terminations of the filaments 
for the formation of reproductive comdia ; groups of such conidia may be 
formed by dmsion in three different planes. 

The conidia hai’e a free existence for a certain time before becoming 
attached, and in this stage are sometimes motile. They are usually oval or 
rod-like, sometimes pyriform. They do not possess any special powers of 
resistance 

The follomng may be given as a brief summary of the main grou^ : 
(cl) The Chlamydobacterta or Tnchobacieria are filamentous forms, occurring 
mainly in water, and are usually sheathed ; the sheath is often impregnated 
with iron oxide. Tliey are often sessile, and the attached ends thinner than 
the distal Conidium formation is often met with in the free ends of 
the filaments , the comdia may be motile or non-motile. True branching 
does not occur, but false branching is sometimes met ivith, due to a terminal 
cell becoming laterally displaced, e.g Cladolhrix. {b) A further development 
occurs in the Streptothrices, to which the Actinomyces and other pathogenic 
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species belong (Fig. 4, 13) Here.the organism consists of a felted mass of 
non-septate filaments in which true dichotomous branching occurs Under 
certain circumstances threads grow out and produce chains of conidia, from 
which new individuals can be reproduced. These conidia are sometimes 
spoken of as spores, but they have not the same staining reactions nor 
resisting powers of so high a degree as the endospores of bacteria. Sometimes, 
too. the protoplasm of the filaments breaks up into bacillus-like elements 
which may also have the capacity of onginatmg new individuals. In the 
Actinomyces a club-shaped formation at the end'd the filament may occur , 
the nature of this structure will be discussed in a later chapter (Fig. 4, 11) 
The Streptothrix group may be regarded as a link betueen the bacteria on the 
one hand and the lower fungi on the other Like the latter, it shows the felted 
mass of branching filaments which is usually called a mycelium, whilst the 
breaking up of the protoplasm into coccus- and bacillus-hke forms links it to 
the true bacteria. (In medical bacteriology the name Leptothnx has 
generally been applied to elongated filamentous organisms with morpho- 
logical similarities to the Strepiothnces but differing from these in being 
unbranched — Fig. 4. 12 ) (c) The Thiobacteria or sulphur bacteria are 

characterised by the presence of sulphur granules in their protoplasm 
bacteno-purpurm also may be present. Some of them are sheathed and 
attached, and form comdia, eg. Thtothux . others again are elongated, 
sheathless, and show an undulatorj' motion due to the contraction of the 
protoplasm, e.g. Beggiaioa 

Classification and Nomenclature of American Systematists. Owing to the 
unsatisfactory state of bacterial classification and nomenclature, an endeavour 
has been made by American systematists to develop a system of classification 
in accordance with that adopted in other branches of biological study The 
classification advocated is sufficiently elastic to provade for modification as 
knowledge of the relationships of the bacteria is added to This system has 
also introduced a new nomenclature and eliminated the trinomial and clumsy 
designations that had crept into bacteriology However, such terms as 
gonococcus, meningococcus, BactUus typhosus or typhoid bacillus, etc . are 
likely to maintain their traditional use in preference even to designations 
that clearly indicate the approved biological genus and species of the organ- 
isms The new classification, nevertheless, serves a most useful purpose in its 
orderly grouping together of biologically allied species 

The bacteria are collectively designated as the class of Schxzomycetes 


spherical, cylindrical, comma-shaped, spiral, filamentous, or united into 
filamentous, flat, or cubical aggregates , filamentous aggregates often sur- 
rounded by a common sheath , filaments may show true or false branching , 
reproducing by simple fission , in some speaes resting bodies in the form of 
endospores , reproductive conidia produced by some filamentous forms , 
cells in certain species motile and possessing flagella 

The class of Schizomycetes is divided into the following orders 

1 Tubvcteriales {true bacteria) Undifferentiated simple forms, spherical or 
rod-shaped, straight or curved, or spiral filaments , no true branching some motile due 
lofiageJJa, non fiexuous , multiplying by transverse fission , some produce endospores . 
noconidta. some species pigmented , somestorevolutin. glycogen, or fat . includemany 
disease-producing species 

2 AcTiNOMV eCTALES Rod-shapcd or filamentous ‘ mould-like ' organisms with a 
tendency to branch and produce mycelium {eg A{ltHoniycfs\ ; often showing ’ club ’ 



42 xMORPHOLOGY AND PHYSIOLOGY OF BACTERIA 

formations; ^\ithout spores, but producing conidia in some species; mostly Gram-* 
positive ; non-motile , some are parasites of animals and plants ; aerobic, but some 
anaerobic or micro-aerophiHc ; growth slow. 

3 Cjilamydodacteriales. Filamentous aquatic forms which may show false 
branching ; include the ' iron bacteria *, which are ' alga-like ’ sheathed organisms, the 
sheath containing iron oxide 

4 SIvxoBACTERiALEs Includc the myxobacteria , organisms exhibiting a pseudo- 
plasmodial and a resistant cyst-forming phase ; ‘ slime-mouId ’ like in nature 

5 SriROCHiCTALES ' Protozoon-like * in certain characters; usually relatisely 
slender, flexuous. spiral filamenjs, multiplying apparentlyin some species by longitudinal 
fission, though transverse fission is the characteristic mode of division as in other 
bacteria 

It may be noted that m this scheme the first order constitutes most of the foaer 
bactfna as above described, whilst orders 2. 3, and 4 would represent the higher 
bacteria The organisms pathogenic to the human subject belong to the orders 1. 2, and 5. 

The genera of importance in medical bacteriology are briefly described 
in the following summary ; type-species ate abo given ; for reference to 
these see the general text of the book. For full details of this system of 
classification Bergey’s Manunl of Delerminalive Bacteriology, 6th edition, 
should be consulted 

Additional orders recently suggested arc . Ricketisiales (the organisms named 
Rickettsia and Bartonella, and described in Chap XXVI ; and Virw.es (the filterable 
Mruses) 


ORDER EUBACTERIALES 

Families 

XiTROBACTERiACEvE Motile or non-motile, non-sponng and usually Cram-negative 
bacillary forms , characterised by their capacity to ulihse simple inorganic compounds. 
The nitrifying bacteria of soil belong to this family N'one of these organisms is 
pathogenic 

RHIZOB 1 ACE.S Rod-shaped cells with single polar or lateral fiagelJum or 2 to 4 peri- 
tnehous flagella, or non-motile , usually Gram-negative , utilising glucose and sometimes 
other sugars but without apparent acid production , include the nitrogen-fi\ing organ- 
isms which occur in the root nodules of the Legumtnosir 

PsEUDOMONADACE.® Straight or spirally cui^ed rod-shaped or filamentous organ- 
isms . usually motile With terminal flagella, non-flexuous , Gram-negatne 

Achromobacteriace.® Gram-negative rod-shaped organisms of uniform shape , 
motile with peritnchous flagella or non-motile, non-chroniogenic, or pigmented 
(yellow, brown, or orange) , non-saccbarolytic or feebly saccharoly tic , water or soil 
saprophytes, plant pathogens, or animal parasites 

Azotobacteriace.t Large rod-shaped or oval cells , utilise free nitrogen . the 
free-hving nitrogen-fixmg bacteria belong to this family 

Micrococcace* Non-sponng and for the most part non-motile sphencal or globose 
forms , usually Gram-positive 

Neisseriacex: Gram-negative aerobic or anaerobic cocCi , generally obligate 

parasites 

SrREPTOBACTERi\cE« (or Lactobacteri ace-e) Gram-positive spheroidal or 
rod-shaped cells tending to occur in chains, ferment sugars and other carbohydrates 
with abundant production of organic acids , 

Par\ OB acteriace.® Small Gram-negative rod-shaped forms ; aerobic or anaerobic ; 
usually obligate parasites ; not actively saccharoly-tic. 

Enterobacteriace.e Gram-negative rod-shaped forms, frequently motile witn 
peritnchous flagella , active fermenters of vanous carbohydrates with acid or acid and 
gas production. 

CoRYNEBACTERiACE®: Mostly non-motile Gram-positiAC rod shaped orgamsms, 

show mg barred or beaded staining and often metachromatic granules , aerobic or 
micro-aerophilic , animal or plant parasites, also occur m soil, water, and dairy 
products 

Bacteriace.® Miscellaneous non-sporing rod-shaped orgamsms nof included m 
other families 

Bacillace.® Rod-shaped cells characterised by the formation of endospores , 
generally Gram-positive , aerobic or anaerobic 
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Family PsEvnoMONAD^cEiC 
Genera of medical importance : 

Pseudomonas. Pnncipally water and soil bacteria producing a water-soluble diffusible 
pigment (green, blue, or yellowish-green) ; motile or non-motilc bacillary forms , 
Gram-negative, f g B pyocyanetis 

Vtbrto Rigid curved rod-shaped forms, occumng singly or united into spirals , motile 
with usually a single terminal flagellnm usually Gram-negative, r g 1' cholerif 

Spirillum Rigid spiral organisms, which are usually motile and possess multiple ter- 
minal flagella , mostly water organisms 


Family Alhromobictcri\ce,«: 

Genus of medical importance 

Alcahgenes Non-chromogcnic . Gram-negatue bacillary forms occurring as commensals 
m intestine of man and animals . do not ferment carboh}drates and do not liquef) 
gelatin, eg B facahs alkaltgenes 


Family Micrococcacex 

Genera 

Mietocoeeus Saprophj'tic or facultatively parasitic cocci, which occur in plates or 
irregular masses , generally Gram-positive , some species produce yellow, orange, 
or red pigment , the type species is M tuieus (This genus also includes the 
staphylococci ) 

Caffk^a Gram-positive cocci which tend to be arranged m tetrads, r g Micrococcus 
Ulragentts 

Saretna Cocci arranged m regular bundles of eight or multiples of eight 


Family Npisseriacea 

Genera 

Netsserttt Gram-negative cocci m pairs , aerobes . e g meningococcus 
Vetllonella Gram-negative cocci occumng in masses, rarely in pairs , anaerobes, e 
Vetllonella parvula 

Family bTREPrOBACTERIACEC (or LsCTOBACTERISCEiC) 

Genera of medical importance 

Diplococcus Gram*positive cocci uniformly arranged in pairs , capsules well-developed , 
bile-soluble, eg pneumococcus 

Streptococcus Gram-positive cocci arranged in chains but sometimes m pairs , capsules 
may be present , bile-insoluble 

Lactobacillus Gram-positive, non-motile, rod shaped forms, which are frequently long 
and slender , produce abundant acid from sugars, some are thermophilic tend 
to be micro-aerophilic , occur in milk , ee B acidophilus 

Family Parvobacteriace^ 

Genera 

Pasteurella Parasitic Gram-negative bacillary forms tending to exhibit bipolar staining, 
usually non-motile , aerobes , associated with hemorrhagic septicemia in animals, 
and plague in man , e g B pestis 

Brucella Gram-negative, non-motile bacillary or cocco-bacillary forms which are 
pathogenic to man and animals , some species require for pnmary growth m media 
an increased carbon dioxide concentration . do not ferment carbohydrates , gelatin 
is not liquefied , e g D abortus 

Malleomyces Rod-shaped forms, sometimes forming threads and showing tendency to 
branching, motile or non-motilc , Gram-negative, gelatin may be liquefied, 
parasitic m animals and man , e g D mallet 

Hitmophtlus Parasitic, non-motile. Gram-negative pleomorphic bacillary organisms, 
which tend to be relatively minute, grow aerobically and best (or only} in the 
presence of haemoglobin, and in general reqmnng blood serum, ascitic fluid, or certain 
growth factors , eg B influenza 
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. motile, 
jerature, 

Diahster Minute, non-motile, Gram-negative parasitic bacilJary organisms which grow 
only under anaerobic conditions and m media containing fresh tissue or serum ; 
occur in respiratory tract ; e.®. Sad. pneumosinles. 

AcUnobactllus Aerobic, Gram-negative bacillary forms which show pleomorphism ; 
pathogenic to animals , in tissues form aggregates resembling colonies of Actino- 
myces « ith characteristic clubs iqv) ; grow best under increased tension oi carbon 
dioxide, carbohydrates fermented with acid but no gas production, eg Acftno* 
bacillus 

Bacteroides Motile or non>motile, non-spormg, anaerobic Gram-negative bacilli occur- 

fragtlis 

Fuse acteristic tapering 

Mori ^ j . Gram-negative ; 

aerobic . growing best in presence of blo^ or serum ; liquefying coagulated 
serum . parasitic or pathogenic in conjunctiva ; e g. Piplobactllus of Morax. 

Family : EMTEROBACTERSACEie 
Genera of medical importance 

Escherichia Gram-negative, aerobic bacilli, commonly present In intestinal tract of 
mammalian animals , some are motile and possess peritrichous dagella ; fermenta- 
tion of carbohydrates, particularly glucose and lactose, with acid or acid and gas 
formation is a characteristic feature, but gelatin is not generally liquefied ; e.g. 
B colt 

Aerobacter This genus has been difiercntiated from Esehertckia, to which it is closely 
related, by its negative methyl red reaction and its production of acetyl-methyl- 
carbinol from glucose as indicated by the occurrence of the Voges-Proskauer 
reaction Such organisms may also occur in the intestinal tract. The genus includes 
fl aerogenes These organisms are non-motile, tend to produce an abundant viscid 
growth, and can also be differentiated from the tj^iical D.eoli by their fermentation 
of inositol and their capacity to utilise salts of organic acids (e g. sodium citrate) 
It 13 doubtful if this supposed genus can be separated biologically from that 
designated Klebsiella, and its separation from Escherichia is also somewhat 
artificial 

Klebsiella Short, Gram-negative, encapsulated bacilh , aerobic; ferment various 
carbohydrates . occur as parasites in the upper respiratory passages and may be 
associated with inflammatory lesions in this region ; e g pneumobacillus 

Proteus Saprophytic and parasitic. Gram-negative, pleomorphic hacifii which are motile 
and possess pentrichous flagella ; grow aerobically and tend to produce a ‘ spread- 
ing ' growth on culture medium ; ferment glucose but not lactose ; usually liquefy 
gelatin , e g B proteus 

Salmonella Parasitic, Gram-negative, aetobic, usually motile bacilli associated with 
inflammatory conditions of the intestine of man and animals ; ferment various 
carbohydrates but not lactose or saccharose ; do not usually liquefy geJatm. 
This genus is exemplified by the typhoid and paratyphoid bacilli, and B. enlerilidis 
of Gacrtner 

Shigella Similar to Salmonella but invariably non-motile, and usually non-gas- 
producing in the fermentation of carbohydrates , e g the dysentery bacilli 

Sfrrahn \erobic bacillary organisms usually producing a red pigment on culture 
media . e g D proJigtosits (or Serraha marceseeHs) 


Family Corvmebacteriace* 

Corynehactenum Parasitic, Gram-positive, non-motile, rod-shaped organisms, \rith a 
tendency to club-shaped forms and may show branching in old cultures ; stain 
unesenly. non-acid-iast , aerobic, eg diphtbena bacillus 
i.isifi’ja Motile, Gram-positiie. rod-shaped forms with single terminal flagellum . 
aerobic or micro-aerophihc , pathogenic to man and animals ; infection char-, 
actensed by mononucleosis . e g Bad monocytogenes 
Erysipelothrix Gram-positive rod-shaped forms with tendency to develop filaments 
«hich may branch, aerobic or mtcro-aerophilic ; usually parasitic : e g. Eacillus oJ 
suinc eiysipelas 
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Fashly Bacuxacex 

Genera : 

Bacillus. Gram-positive, sponng, bacillary forms which tend to occur in chains and 
form rhizoid colonies; mostly saprophytes, generally liquefy gelatin; e g. B 
subtihs. The anthrax bacillus belongs to this genus 
Clostridium. Like Bacillus bat anaerobic or nucro-aerophilic ; many species are para- 
sitic and pathogenic e g B. utant. 


ORDER ACTINOMYCETALES 
Families of medical importance • 

Actinomycetace* Characterised by their filamentous elements, which are often 
branched and interlaced, forming a mycelium , conidia are sometimes produced , some 
species are parasitic 

MYCOBACTERiACE,e. Rod-shaped forms which are only occasionally branched or 
filamentous , conidia are not produced ; the protoplasm often stains unevenly 

Family ; Actinomycbtacbje 

Genera : 

Acitnomyces Typical filamentous forms which branch and form mycelium, but may 
segment into shorter bacillary or coccal elements , sometimes parasitic and patho 
genic , when growing in tissues the colonies may show radial, club-shaped structures 
at their penphery, some species are anaerobic or micro-aerophihc ; e g Acitnomyces 

assuming ' ' • • * • ■ • . ■ , 

rods and « ' . s ■ ’ ■ 

Gram-posi • ' ’ ’ • * ' • ■ / ■ ' . ' 

may be ft ■ » ' . • . < 

may occur by budding as well as fission , many species pigmented , eg Actinomyces 
faretnteus {Nocardia /aranica) 

Family . Mycobactbriacea 

Genus : 

Mycobacterium Hon-motile, rod-shaped terms which stain with difficulty but when 
stained are acid-fast , club-shap^ forms are sometimes observed and occasionally 
also elongated and branched elements , aerobic , growth on culture medium is 
often slow , several species are patbogemc ; e g tubercle bacillus 


ORDER SPIROCH^TALES 
Genera of medical importance 

Borrelia These are parasitic spirocbxtes with coils of relatively long wave-length and 
usually three to five in number They are fairly refractile under the microscope 
and are readily stained with the usual audine dye solutions The relapsing fever 
spirocbxtes are examples of this genus 

Treponema Parasitic forms with undulating or rigid spmlhform body, the coils being 
of relatively short wave-length, and often showing great regulanty They are 
feebly refractile and not readily stained by the usual dye solutions The spizochsete 
of Syphihs is classified in this genus 

(It should be noted that the spiroch»tes comprising these two genera, Borrelia 
and Treponema are sometimes classified leather and designated by the generic 
name Treponema ) 

Leptospira Parasitic and saprophytic forms consistii^ of sharply twisted filaments 
and with one or both ends ‘ hooked ’ or recurved ; feebly refractile and difficult to 
stam by the usual dye solutions , the cods are fine and numerous (seen by dark- 
ground illumination) ; dtfier from the other groups in their ability to survive lo 
water; eg Leptospira tclerohamorrhagta ottniectioiis isMudice 



CHAPTER II 


RELATIONS OF BACTERIA TO DISEASE— INFECTION- 
PRODUCTION OF TOXINS By BACTERIA 

In most cases, before micro-organisms produce disease they must obtain a 
foothold in the tissues or blood, multiply and carry on their vital processes 
there These acts of invasion and multiplication are called ’ infection 
The disturbances in structure and function in the host which result in 
consequence of infection by a parasite constitute the infective disease An 
essential feature of such diseases and one which accounts for their very 
manifold nature is that the etiological factor is living. Accordingly in the 
interaction between the host and the parasite tivo living agents are concerned 
each of which is capable of considerable adaptation The factors on the 
part of the host vvhich tend to antagonise the parasite are summed up in the 
term 'resistance' — the converse being 'susceptibility'. The capacity of 
the organism to produce disease is described as ‘ virulence It has already 
been stated that a strict division of micro-organisms into true parasites and 
saprophytes cannot be made No doubt there are organisms, such as the 
tubercle bacillus, gonococcus, etc , which arc m natural conditions always 
parasites associated with disease. But these can lead a saprophytic existence 
m specially prepared conditions, e.g. artificial culture media, and there are 
many of the disease-producing organisms, such as those of enteric fever and 
cholera, which can survive in nature under favourable conditions. A similar 
statement applies to the terms pathogenic and non-pathogenic By the term 
pathogenic is meant the power which an organism has of producing morbid 
effects in the animal body, either under natural conditions or in artificial 
conditions experimentally arranged. We know of no organism which will 
in all circumstances produce disease in all animal species, and, on the other 
hand, many bacteria described as harmless saprophytes can produce patho- 
logical changes if introduced in sufficient quantity. The term pathogenic, 
therefore, is merely a relative one, and indicates that in certain circumstances 
the organism will produce disease, though it is often used in Medicine as 
implying that the organism produces disease in man under mtnral conditions 
The term ' commensal ' is applied to organisms which flourish normally on 
the skin or mucous surfaces of the body. Some commensals, e.g. staphylo- 
cocci and streptococci, have the capacity under certain conditions of invading 
the tissues and producing pathogenic effects. This is a matter of impor^nce 
in connection with the origin of natural infections. 

It will be shown more fully below that many of the pathogenic bacteria, 
as regards their morphological and cultural characters, are very similar to 
organisms normally present in the sites at which the former invade the body 
Thus the typhoid-paratyphoid and dysentery groups are related to B coli 
(the common commensal of the intestines), and the meningococcus to various 
Gram-negative diplococci which abound in the naso-pharynx. This suggests 
strongly that m their evolutionary’ history the specific pathogens have been 
ilenved from commensals, but the circumstances under which such trans- 
formation has taken place are unknown, and it has not been effected under 
expenmental conditions. A few organisms are knowm which are capable of 
invading the body’ and even multiplying in the blood, but which appear to 
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be practically devoid of pathogenic action, e g Sptrtllum minus in the mouse 
and Trypanosoma lewisi in the rat A similar behaviour is shown also m 
infection of the rat with the leptospira of infectious jaundice In the mouse, 
inoculation wth Tr pallidum produces no lesions or other manifestations of 
disease, but the spirochetes persist for long periods in the body and they 
invade the central nervous system 

Koch’s Postulates. In regard to the proof of a micro-organism being 
specifically pathogenic and causal of a particular disease, certain require- 
ments, generally described as Koch’s postulates, may be mentioned here 
These are (1) that the organism should be found constantly present m 
cases of the disease, (2) that it should be isolated from the disease in pure 
culture, (3) that artificial cultures so obtained should be able to reproduce the 
disease m experimental animals, and (4) that the organism should again be 
isolated from the experimentally infected animals. Some writers add to 
these that specific antibodies should be demonstrable in the blood of the 
diseased person or animal. In Koch’s historical studies of the tubercle bacillus 
the four postulates mentioned were fulfilled, thus providing irrefutable proof 
of the causal role of the organism The same requirements can be satisfied 
for the anthrax bacillus and certain other pathogenic organisms But in 
many diseases it has not been possible to establish complete proof of 
causal relationship according to these strict rules Thus in the case of 


th 

’ ’ ’ with cultures do not develop 

a 

lan subject, and yet all other 

ev . , 

typhoid fever 

being the causal agent of 


Infection. As explained above, infection implies the successful invasion 


of the tissues or blood by a micro-organism which establishes itself there, 
multiplies actively and as a rule produces morbid effects It must be recog- 
nised that bacterial invasion is not in all cases successful, in that the organism 
may be unable to establish itself and bring about an obvious pathological 
condition Thus it is probable that certain commensal bacteria from mucous 
membranes may frequently invade the lymphatics and even the blood, e g 
B cob, staphylococci and streptococci, but under normal conditions are 
destroyed by the natural defences, while specific pathogenic organisms may 
produce some degree of infection without apparent clinical or pathological 
effects It has been customary to refer to this state of infection without 
disease as subtnfection or subchntcal injection 

Infection is sometimes classified into ( 1 ) endogenous and (2) exogenous. 
In the former case the source of the infection is in the body itself, the causal 
organism having previously existed as a commensal Thus, infection of a 
wound by staphylococci from the skin would be described as endogenous, 


from another person or animal harbounng it, such person or animal being 
either the subject of the particular infective disease or an apparently healthy 
■ carrier ’ {vide infra) It must be noted specially that m many instances 
such transmission of pathogenic organisms is quite indirect . thus, spores of 
the anthrax bacillus derived from cases of the animal disease may be deposited 
on soil, persist there for a time, and ultimately infect other animals, or may 
be transmitted to man by wool, hides, etc Again, the spores of the tetanus 
bacillus introduced into a wound may appear to be derived from soil, but in 
reahtj originate in the intestines of animals 
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Sources and Modes of Infection. The sources and inodes of exogenous 
infection are exceedingly varied and a proper understanding of the propaga- 
tion of an infective disease requires a full knowledge of (1) the way in which 
the specific organism is discharged from the body of an infected person or 
animal, (2) the viability of the organism apart from its human or animal host, 
and (3) the avenue or avenues by which it invades the body of a new host. 
The bearing of such knowledge on our understanding of infective diseases wll 
be fully illustrated in later chapters. It will suffice here to exemplify the varied 
sources and modes of infection which have to be dealt \vith in such diseases. 


(Ij Routes of discharge oj organisms. Certain organisms are discharged 
from the human body in the secretions of the respiratory tract, eg. the 
tubercle bacillus, pneumococcus. Streptococcus Pyogenes', others in the 
t'xcreta, c g the typhoid-paratyphoid bacilli in the fasces and urine, and the 
ci> ^entery bacilli in the fieces. * The mode of spread of these two categories of 
pathogenic bacteria respectively is, therefore, profoundly different. Bacteria 
from the respiratory passages may be discharged not only in actual sputum, 
but also in the droplets of secretion sprayed into the air by the acts of sneez- 
ing, coughing, or even speaking. The larger of such droplets rapidly settle by 
gravity and the bacteria in them may contaminate the dust of premises ; the 
smaller tend to remain suspended in the air and by evaporation form 
' droplet-nuclei so that air-borne infection is rendered possible. This 
subject \\iU be discussed further in Chapter XXXVII. With regard to infec- 
tions transmitted from animals, the mode of discharge of the organism from 
the animal body is also obviously of importance : thus, tubercle bacilli from 
infected dairy cows are discharged, often in large numbers in the milk as a 
result of udder disease ; the virus of rabies is present in the saliva of an 
infected dog, and is thus transmitted by the bite of the animal. 

(2) Vtahility outside the host Some micro-organisms are strictly para- 
sitic and cannot survive long outside the body of their host, e.g. the gono- 
coccus, and when this is the case transmission is usually by direct contact. 
Others can retain their ^^abiI^^y for some time apart from their host, and may 
be transmitted by ‘ vehicles ‘ of infection, e.g. by water in the case of the 
typhoid bacillus and the cholera vibrio. But the conditions under which 
such organisms are placed often determine their viability. Although the 
cholera vibrio may remain alive for a time in water, it dies rapidly if sub- 
jected to drying. Similarly the meningococcus cannot wthstand the dr^’ing 
influence of the atmosphere, while other organisms survive for varying times 
under such conditions and can be transmitted readily by air and dust, e.g. 

the tubercle bacillus and ^yog««tfS. v v . ^ 

Particular species of microbes are biologically adapted to a ha i a i 
blood-sucking insects and other arthropods, and thereby are transmittea 
from their human or animal hosts by these ‘ vectors Thus, the plague 
bacillus flourishes in the stomach of certain fleas, the Rickettsia of typhus 
fever grows in the lining cells of the cut of Kce. Some micro-organisms may 
actually go through a phase of the& life cycle in insects, e.g. the malana 
Plasmodium in mosquitoes. In other cases insects may act as vectors m a 
more mechanical way ; thus, the house-fly may convey mechanically on iw 
legs and body the organisms of enteric fev'er. dysentery, and cholera from 
fsces to food matenals ; but it has been shown also that when this u^sect has 
fed on excreta containing typhoid or parat>'phoid bacilU, these organisms 
may persist in its alimentary tract for a few days. ^ 

(3) ofvifection. The avenue of infection is through a bod> 
face, the skin, or a mucous membrane. The skin wth its dense epidenms 
presents normally a barrier to infection though some organisms are able to 
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invade even the intact skm. eg certain pathogenic fungi and Leptospira 
tderonetmorrhagitv ; and it is jiossiWe that hair fohic/es may provide a means 
of access for certain species, eg staphylococci, the anthrax bacillus etc 

On the other hand, a ” — - ■ • 

offer an easy avenue < 

In considering the ^ uuuugn me smu, u 

must be remembered that while some bacteria can flourish on this surface of 
the body, others seem to die when placed on the skin This suggests that the 
dermal secretions have bacteriostatic or bactericidal properties, but so far 
these have not been defined It may be. however, that the low pH, m 
5 2 to 5-8, is a factor in this resjicct (Arnold et al ) 

Mucous membranes with their thmner epithelium and numerous ducts 
and follicles provide easier entrance to micro-organisms, but it has to be 
recognised that these membranes possess a certain degree of protection 
against bacterial invasion through the mechanical action of the secretions 
flom'ng from the ducts and washing the surface The action of the ciliated 
epithelium of the respiratory mucosa also exerts some mechanical protection 
In addition certain secretions contain chemical or biological factors which 
are antagonistic to various bactena. e g the hydrochloric acid of the gastric 
juice, and bactcncidal constituents which arc possiblv analogous to those 
contained in normal scrum and which wU be referred to later m the chapter 
'on Immunity. A substance of this nature c.ijled 'lysozyme' has been 
demonstrated in certain mucous secretions, particularly tears, but is active 
mafnfj’ against saprophytic cocci In some, cases the respiratory tract 
constitutes the chief route of infection, eg in tuberculosis and pneumococcal 
infection, and various organisms may enter through the tonsils, nasal, 
pharyngeal, or naso-pharyngeal mucosa, eg streptococci, meningococcus. 
In other diseases the digestive tract is the avenue, as exemplified m entenc 
fever and dysentery Certain organisms enter the body by the urogenital 
system, e g gonococcus 

From a general study of infective diseases it is clear that frequently 
successful invasion is restricted to a particular avenue, depending on the 
specialised parasitic properties of the specific organism Tims the cholera 
vibno is able to establish itself by invasion of the alimentary tract after being 
swallowed, but cannot do so if introduced into the subcutaneous tissues 
Virulent streptococci capable of producing an acute infection via a wound 
may be harmless if introduced into tfie stomach and intestine In this 
connection also various bacterial species and viruses show a special ' tropism ’ 
or affinity for particular tissues once they have invaded the body This wall 
be referred to later 

Carriers. As has been stated, many of the organisms which produce 
inflammatory and suppurative afiections, are normally present on the skm 
or mucous membranes . but it has also been established that several of the 
causal agents of acute infections diseases, such as entenc fever, epidemic 
meningitis, diphtheria, etc , may flourish in the bodies of individuals in 
apparent health Such mdiv’idoals are knowui as carriers , and they play* 
a highly important part m the spread of these mfections One group of 
earners is constituted by those who have suffered from the disease, and m 
whom the organism persists after recoverv'. and these are usually designated 
' convalescent ’ earners, and ‘ temporary ’ or chronic according to the 
duration of the condition The proportion of those vvho become earners, and 
the period of carriage, vary in diflereot diseases In cholera, for e.xamplc. 
the period is usually comparativ'elj short, whereas in entenc fever the organ- 
isms not infrequently persist for an indefimtepeaodof tune. Also, espcaally 
4 
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in a number of protozoal infections, eg. piroplasmosis, after recovery from 
the acute attack the organisms jwrsist permanently in the blood ; this state 
has been termed non-sterilising immunity or ' prcmiinition ' (Scrgcnt and 
Parrot) In the human subject, malnna ami certain virus infections may 
present similar features The other group of carriers, sometimes designated 
‘paradoxical comprises ajiparciitly Iiealthy individuals who harbour the 
organism fjut are not known to have suffered from t/ie disease. Some of 
these may really have had a mild attack, but in others there is no evidence 
of tills A few subsequently develop the disease — ‘ precocious ' carriers, 
although the carrier state may occur temporarily uithout a clinical attack of 
the disease developing In many instances previous contact with a case of the 
disease can be traced — ' contact ' carriers. On the other hand, no connection 
of this kind may be discoverable ; for instance, the meningococcus {5 often 
found, especially during epidemics, in ‘non-contacts the organism appar- 
ent!) spreading widely from indix-idiial to individual in the community. 
Tins illustrates a very iniportant principle regarding the spread of infective 
diseasc.s. The causal organism may l>e transmitted through several insus- 
ceptible individuals in wliom it |)crsists or even multiplic.s for a time without 
causing recognisable illness, but such persons are capable of infecting a 
susceptible individual and setting up a typical attack, This explains the 
failure to establish continuity between successive cases which is often a 
feature of epidemics. Frequently chronic carriers c.vhibit some local patho- ‘ 
logical condition, eg chronic cholecystitis with gall stones in the biliary 
earner of typhoid or paratyphoid bacilli. Animal carriers may also be sources 
of human infection, e g. dairy cows with If. abortus in tlicir udders and milk, 
rats carrying Leptospira tctcrohtrmorrhague in their kidnei's and discharging 
this organism in their urine Further facts will lie given in connection W’ith 
particular diseases. 

Moddying Conditions. In studying tlie pathogenic effects in any instance, 
the animal affected as well as the micro-organisms must be considered, and 
not only the species of e.ich, but also its e.xact condition at the time' of 
infection In other words, the resulting disease is the product of certain 
characters of the subject of infection, on the one hand, and of the infecting 
agent, On the other. Wc may, therefore, state some of the chief circum- 
stances which modify each of thc-'e two factors involved, and, consequently, 
the condition of disease prodncctl. 

1. The Subject of Infection, Here wc shall consider only indiriduals who 
have not previously been infected with the micro-organism in question, since 
such earlier contact ivith the organism or its products may bring about 
specific changes in reactivity, which are dealt W’itli later in the chapter on 
Immunity Among healthy individuals susceptibility to a particular organ- 
ism may vary according to (a) species, (6) race and individual peculiarities, 

(c) age. Different species of the lower animals show the widest variation in 
this respect, some being e.xtremcly susceptible, others highly resistant, eg. 
the susceptibility of equincs to the glanders bacillus and the resistance of 
cattle. There are parasites, such as that of syphilis, which under natural 
conditions are peculiar to the human subject and produce disease experi- 
mentally in only a few of the lower animals. ■=”'-*> the 

gonococcus with which the typical lesions can 
duced in animals, or appear only imperfectly,^ 
genic effects may follow injection of cultures. ^ 

resistance to experimental infections lias been investigated by Webster, 
Schiitze and others, who liave shown that different lines of mice may vary 
markedly in their susceptibility to intraperitoneal inoculation with organisms 
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of the Salmonella group, while manifesting no differences to similar infection 
with other organisms, e g. Pastenrella group, or the pneumococcus, etc. In 
the human subject, differences in susceptibility to a certain disease are found 
amongst different races, and also amongst individuals of the same race, as is 
ivell seen in the case of tuberculosis Age plays an important part, young 
subjects being more liable to certain diseases, e.g. fungus infections of the 
hair (ringworm) WTiere the susceptibility to an infection decreases with age, 
however, as m the case of diphtheria, there is the possibility that a part mav 
be played by the specific factor of exposure to the infective agent and the 
development of immunity through ‘ subclinical ' infection. On the other 
hand, at very early ages there may be a relative insusceptibility. For 
instance, Burky found that young rabbits withstood a larger dose of staphylo- 
coccus toxin than mature animals, eg. the mothers Children under two 
months old show a similar insensitiveness of their skin to injections of killed 
staphylococci (Kobak and Pilot) Further, at different periods of life certain 
parts of the body are more susceptible, for example, in early life the bones 
and joints to tuberculous and acute suppurative infections In some cases, 
however, resistance to an infective disease in the early months of life may be 
due to passive immunity derived from the mother. This is exemplified by 


followed in the tram of famine Experimental proof has also been obtained 
that exposure to abnormal temperatures, physical fatigue, and malnutrition 
may lower resistance to bacterial infection As already explained, the intact 
skin and mucous membranes act as an efficient protection against the 
entrance into the deeper tissues of many organisms . in fact, the latter seem 
often to be actively destroyed on the surface But a local susceptibility may 
be produced by injury or diminished vitality As examples of the effect of 
mechanical injury, if. previous to an intravenous injection of staphylococci, 
the aortic cusps of a rabbit be injured, the organisms may settle there and 
set up an ulcerative endocarditis . if a bone be injured, they may produce 
suppuration at the part, whereas m ordinary circumstances these lesions 
would not take place. The work of Findlay has suggested that on injury to 
the tissues there is liberation locally of histamine-like substances which lead 
to dilatation of the capillaries along with increased permeability, so that 
organisms in the circulation 'Vill pass out and localise m the area The local 
effect of certain tissue extracts, eg testicular extract (Duran-Reynah), in 
increasing the permeability of the tissues to bacteria and toxins may be a 
similar phenomenon Severe trauma of the tissues is an important factor in 
predisposing to wound infections, particularly tetanus and gas gangrene 
In this case necrotic tissue and blood-clots in the wound provide a favourable 
nidus for the germination of sjiores and multiplication of the organisms, as 
will be explained m Cliaplcr XX It is of special interest that in certain 
circumstances mucin has a marked influence in exalting the infective proper- 
ties of vanous bacteria , thus, a dose of meningococcus culture which by 
Itself would bo practically non-pathogenic when inoculated into the peri- 
toneum of a mouse, may lead to a rapidly fatal septicemia if injected along 
with pig’s gastric mucin The underlying biological factors involved and the 
significance of the phenomenon have not jet been clearly defined. 

It has been recognised clmicallj’ that alcoholic intoxication may predis- 
pose to certain infections, eg pneumonia, and the observation^ of Pickrell 
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afford experimental evidence in support of this view ; thus intoxication of 
animals with alcohol destroys their resistance to the pneumococcus, even 


anaesthesia.) The part played by these local defences will be referred to later. 

In addition to such conditions as have been mentioned, there are also 
some special factors which predispose to infection. In the case of silicosis of 
the lungs, a marked liability to infection with the tubercle bacillus has long 
been recognised, and it has been shown by Kettle that silica has a special 
effect in making the tissues susceptible to invasion by this organism Another 
striking example is the remarkable effect which ionisable calcium salts have 
in leading to infection with the B wdehtt and other anaerobes, as was first 
observed by Bullock and Cramer. Thus, when B. udehii, free of its toxin, is 
injected into a mouse or guinea-pig it rapidly becomes destroyed by lysis or 
by phagocytosis, whereas if a solution of calcium chloride is injected along 
with the organism or its spores, a spreading gas gangrene results A similar 
effect may follow, though not so readily, when the calcium salt is injected at 
some part of the body other than the site of injection of the bacilli. In 
contrast to this, salts of magnesium, sodium, potassium, etc., are devoid of 
such favouring effects Calcium salts accordingly seem to have a special 
action m breaking down the defences of the tissues or leading to a state of 
’ kataphylaxis as these workers have called it. These results suggest that 
other specific factors as yet unknown may be concerned in the origin of 
infections occurring naturally. 

Apart from the effect of the state of general nutrition on susceptibility to 
infections, a special position is occupied by vitamin A. When animals are 
fed for a considerable period on food which lacks this accessory factor, they 
tend to develop spontaneous pyogenic infections such as xerophthalmia, 
abscesses m the mouth, nasal sinuses and middle ear, broncho-pneumonia, 
ententis, and infections of the urinary tract : that is, the surface commensals 
are apparently enabled to invade the tissues. A diet .deficient in this idtamin 
causes alterations in the epithelium lining ducts and acini of glands, which 
becomes keratinised ; and it is suggested that the consequent obstruction of 
ducts by masses of these desquamated cells offers a favourable nidus for 
bacterial growth and so is responsible for the infection. Lassen has shown, 
however, that there is also a general diminution in resistance, since rats 
which have developed signs of vitamin A deficiency are more susceptible to 
subcutaneous or intravenous inoculations of a Salmonella group organism 
than are normal or under-nourished animals. The change is attributed to 
functional impairment of the reticulo-endothelial system According to 
Green and Mellanby, the addition of carotene to diets lacking vitamin A 
restores the anti-infective property. Vitamin C deficiency seems to predis- 
pose to infection of mucous membranes, as is illustrated in scorbutic condi- 
tions ; and the obsen.’ations of Glazebrook and Thomson on the incidence of 
pneumonia and acute rheumatism among hoi's in a training establishment in 
which there was a vitamin C dietaiy* deficiency, indicate the influence of this 
vitamin in resistance to certain infections. Harde and others have found 
that ascorbic acid protects guinea-pigs against an otherwise^ fatal dose of 
diphtheria toxin There is also some evidence that deficiency in the idtamin 
B complex may lower resistance. No loss of resistance can definitely be 
attributed to deficiency in vitamin D. It seems likely from all the data 
available that deficiency of various dietary constituents may adverse y 
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influence resistance to infection, but the experimental evidence on this sub- 
ject is quite incomplete Apart from organic substances, certain minerals 
and salts may be important factors, and it is of interest that inorganic 
elements such as iron and copper may have a dietary r6Ie in maintaining 
natural resistance (Perla) 

A notable example of diminished resistance to infection as a result of a 
metabolic disorder is seen in diabetes ; tuberculosis and infection by pyogenic 
bacteria are prone to occur m this condition and are apt to be of a severe 
character It has also been show-n that rats, which are naturally immune to 
glanders, can be rendered susceptible by being fed with phloridzin which 
produces a form of diabetes. The possibility of other endocrine disorders 
being responsible for increased susceptibility to infection must be borne in 
mind though at present definite evidence on this question is lacking 

Such facts, established by experiment (and many others might be given), 
illustrate the important part which local or general conditions of diminished 
\itality or disordered metabolism may play m the production of disease in 
the human subject In normal conditions the blood and tissues of the body, 
with the exception of the skin and certain of the mucous surfaces, are 
bactcrium-free, and if a few organisms gam entrance, they are destroyed But 
if the vitality becomes lowered, their entrance becomes easier and the pos- 
sibility of their multiplying and producing disease greatly increased In this 
way the favouring part played by fatigue, cold, etc , in the production of 
bacterial diseases can be understo^ It is important to keep m view in this 
connection that many of the pyogenic organisms are normally present on the 
skin and various mucous surfaces. It is not uncommon to find in the bodies 
of those who have died from chronic %vastmg disease, collections of micrococci 
or bacilli in the capillaries of various organs, which have entered in the later 
hours of life— that is to say. due to invasion from body surfaces, the 
bacterium-free condition of the blood has been lost in the period of prostration 
preceding death. It should also be remembered that the action of one species 
of organism may devitalise the tissues to such an extent as to prepare the 
way for the entrance of other bacteria ; we may mention the liability to the 
occurrence of pneumonia, erysipelas, and various suppurative conditions, in 
the course of, or following, the specific infectious diseases In some cases the 
pnmary organism or virus may produce lesions through which other organ- 
isms gam entrance, e g. in enteric fever, diphtheria, influenza, etc. 

In the course of infections there is a tendency for the body to alter in its 
behaviour towards the micro-organisms and their products This altered 
reactivity or allergy manifests itself in various ivays and frequently takes the 
form of supersensitiveness, i e intensification of the phenomena of damage 
or reaction. The view has been advanced that m those infective diseases 
characterised by a long incubation period, part of this time is occupied by 


the former being relatively mild, the latter sei'Cre as regards destructive 

effects • tissues. 

Again, m ng at different 

ages has -at complexity 

and It is impossible to say at present how far the usual manifestations of 
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a later occasion react more rapidly and more intensely to contact with the 
same micro-organism (or its products) and that this may result in preventing 
the latter from again obtaining a foothold. 

The methods by which the natural resistance may be specifically 
increased belong to the subject of immunity, and are described in the chapter 
on that subject. 

2. The Infecting Agent. In the case of a particular species of bacterium, 
its effect will depend chiefly upon (a) its virulence, and (&) the number 
introduced into the body. To these may be added {c) the path of infection. 

The virulence, i.e. the power of invading the tissues or blood, multiplying 
and producing disease, varies greatly in different conditions, and the methods 
by which it can be diminished or increased \vill be described later (vide 
Chapter III). Natural barriers which are effective against organisms of low 
virulence, eg the skin and mucous membranes, may be penetrated, with the 
setting up of infection, by the same species when highly virulent. One impor- 
tant point is that when a bacterium has been enabled to invade and multiply 
m the tissues of an animal, its \'irulence for that species is often increased. 
The virulence sometimes maybe still more increased by inoculating from one 
animal to another in senes — the method of passage. Widely different effects 
are. of course, produced on the virulence being altered. For example, a 
streptococcus which produces merely a local inflammation or suppuration, 
may produce a rapidly fatal septicaemia when its virulence is raised. Virulence 
also has a relation to the animal employed, as occasionally on being increased 
for one species of animal it is diminished for another. For example, strepto- 
cocci, on being inoculated in series through a number of mice, acquire 
increased virulence for these animals, but Income less virulent for rabbits 
Certain (acts suggest that there may be a periodicity in virulence, t e. that an 
organism may for a time produce a relatively mild type of disease and then 
develop into a more potent strain capable of overcoming the resistance of a 
greater number of individuals , this would account for the fact that in the 
case of some diseases widespread epidemics occur at intervals of years. It 
may be said that under natural conditions there are two important properties 
of an organism upon which its \irulencc depends, (1) invasiveness or aggres- 
siveness, i e capacity to invade the tissues and flourish in the body of the 
host, and (2) toxigemcity, orpo^ver to produce toxins or poisons which cause 
damage to the tissues These two properties are not necessarily correlated 
and may be independent of one another ; thus the tetanus bacillus has only 
slight invasive action, but its virulence is high in virtue of its great toxigenic 
power. The anthrax bacillus on the other hand is extremely ini'asivc but 
its toxic properties are not relatively great. The aggressiveness of an organ- 
ism as a factor in its virulence is clearly correlated with its power of ovct- 
coming the local and general defences of the body, and can best be studied in 
relation to immunity mechanisms and the individual characters of the various 
pathogenic organisms It may, however, be mentioned here that in some 
species, eg. the pneumococcus and the anthrax bacillus, capsule formation 
is an important factor in \nrulcnce and that loss of the property of capsulation 
deprives the organism of its \nrulence. The chemical substance of which the 
capsule IS composed is thus protective against certain mechanisms of defence. 
Biological changes due to variation, e.g. in some cases the ' smooth ' to 
‘rough ’ transformation of colonies already described in Chapter I, may 
be associated with loss of virulence, such variation being also associated 
with alterations in the antigenic constitution of the organisms, i.e. the loss of 
chemical constituents present in the original pathogenic strain In certain 
species, e.g. the typhoid bacillus, a particular constituent (Vi antigen) has been 
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defined as a virulence factor. These subjects are more fully discussed m later 
chapters, and also the problem of degree of toxigenicity as a factor in virulence 

The number of the organisms mtroduced, t e. the dose of the infecting 
agent, is another factor of prime importance. The healthy tissues can usually 
resist a certain number of pathogenic organisms of moderate virulence It is 
only in a few instances that one or even several organisms introduced will 
produce a fatal disease, e g. the case of anthrax m white mice The healthy 
peritoneum of a rabbit can resist and destroy a considerable number of 
pyogenic cocci , but if a larger dose be mtroduced, a fatal peritonitis may 
follow There is, therefore, for a particular animal, a minimum lethal dose 
which can be determined by experiment only — a dose, moreover, which is 
modified by vanous circumstances difficult to control 

The path of infection may determine the result Staphylococci injected 
subcutaneously in a rabbit may produce only a local abscess, while on intra- 
venous injection multiple abscesses m certain organs may result and death 
may follow Again, with a particular species of host, e g the mouse, one 
strain of streptococcus may be Iwghly virulent when introduced into the nasal 
cavity, but not when injected into the subcutaneous tissue, whereas with 
most virulent strains the opposite is the case (Loewenthal) Local inflam- 
matory reaction with subsequent destruction of the organisms may take place 
entirely at the site of infection or may occur also in the related lymphatic 
glands The latter therefore act as a second barrier of defence, or as a filter- 
ing mechanism which aids m protecting against blood infection This is 
well illustrated in the case of septic infections of wounds In some other 
conditions, however, the organisms are very rapidly destroyed in the blood 
stream , thus Klemperer found that m the dog subcutaneous injection of 
the pneumococcus produces death more readily than intravenous injection 
As has already been shown, the route by which bacteria enter the body under 
natural conditions vanes according to the particular organism. Certain 
organisms are also highly selective m their affinities for particular tissues or 
organs Thus the site of primary infection by the gonococcus is restricted 
to the genito-urmary tract or the conjunctiva, while the pneumococcus most 
commonly infects the respiratory tract On the other hand, many organisms 
such as the tubercle bacillus and the pyogenic cocci may attack vanous parts. 
It IS these affinities which determine the mfectmty of secretions and 
excretions of affected individuals Of course, we are ignorant as to the exact 
factors which are responsible for an organism flounshing, say. in one mucous 
membrane and not in another Invasion of the tissues may occur rapidly, 
as is seen in the case of Tr pallidum, ivhich, after being applied to scratches 
on the scrotal skin of the guinea-pig, has been found in the popliteal lymph 
glands five minutes later 

Mixed infection ^vlth several species of organisms is sometimes of impor- 
tance in determining the final results of a microbic disease One of the most 
sinking examples of this is swine influenza, which is due to infection wuth a 
bacillus similar to Pfeiffer’s influenza baallus together with a filterable virus 
Neither of these agents by itself is highly pathogenic, whereas the two 
together produce a severe condition More commonly a second organism 
becomes superadded to a pre-existing mfection. especially when a free 
surface is involved, and so aggravates the pnmary disease, e.g infection with 
pyogenic organisms additional to tuberculosis m the lungs where there is 
cavity formation In mixed infections, the biological phenomena of s^rnibi- 
osis and antibiosis probably play some part In the condition of Vincent’s 
angina, two apparently different species are regularly associated m symbiotic 
relationship, a spirochete and fusiform bacillus. The grow th of the influenza 
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one of the most striking results of bacterial action These also are due, 
directly or indirectly, to substances formed by the bacteria But in this case 
it is more difficult to demonstrate the mode of action, for m the tissues 
chemical products are formed by the bactena slowly, continuously, and in a 
certain degree of concentration, and these conditions cannot be exactly 
reproduced by experiment with products obtained in artificial cultures 
Further, it is very doubtful whether all the chemical substances formed by 
a certain bacterium growing m the tissues are also formed by it in cultures 
outside the body. The separated toxm of the diphtheria bacillus, like 
various \’egetable and animal toxins, produces a local toxic action of very 
intense character, manifested often by extensive necrotic change. It has also 
to be noted that more than one toxin may be produced by a given organism, 
eg. Staphylococcus aitreus, Streptococcus pyogenes, or the tetanus bacillus 

The injection of large quantities of many different pathogenic organisms 
m the dead condition results m the production of a local inflammatory change 
which may be followed by suppuration, this effect being possibly brought 
about by certain substances in the bacterial protoplasm common to various 
species ^Vhen dead tubercle bacilh, however, are introduced into the blood 
stream, nodules result in certain parts, which have a resemblance to ordinary 
tubercles In this case the bodies of the bacilli evidently contain a highly 
resistant and slowly acting substance which gradually diffuses and produces 
its effects {vide Tuberculosis) 

To sum up, we may say that the action of bactena as disease-producers 
depends upon the chemical products formed directly or indirectly by them 
This action is shown by tissue changes produced in the vicinity of the bactena 
or throughout the system, and by toxtc symptoms of great variety of degree 
and character. The degree and nature of these changes and symptoms may 


afterwards the nature of the chemical products., 

Effects of Bacterial Action 

These may be for convenience arranged in a tabular form as follows 
A Tissue Changes 

(1) Local lesions, t e changes produced in the neighbourhood of the 

bacteria 

Position (a) At primar>’ focus 
(5) At secondary foci 

Character : (a) Degeneration or necros.s\ 

(o) Tissue reactions j 

(2) General lesions, i e changes produced at a distance from the 

bacteria, directly or indirectly, by the absorption of toxins 

(а) In special tissues — 

(i) degeneration or necrosis, eg m secreting cells, vessel 

walls, nerve cells and fibres 

(ii) changes of a reactive nature in the blood-forming tissues 

and organs 

(б) General pathological changes, the effects of malnutrition or 

of increased waste. 

B Disturbances of Metabolism 

The occurrence of fever, of errors of assimilation and excretion, etc 
C Symptoms 
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A. Tissue Changes. The effects of bacterial action are so various as 
to include almost all known pathological changes However varied in 
character, the}' may be classified under two mam headings : (a) those 
of a degenerative or necrotic nature, the direct result of damage : and 
(Jj) those of reactive nature, defensive or reparative. The former are the 
e.vpression of the essential vulnerability of the tissues, the latter of pro- 
tective powers evolved for the benefit of the host. In the means of defence 
both leucocytes and certain cells of the tissues are concerned. Both show 
phagocytic properties, t.e. have the power of taking up bacteria into their 
protoplasm The cells are attracted to the focus of infection by chemo- 
taxis, and thus we find that different bacteria may attract different cells. 
The most rapid and abundant supply of phagocytes is seen in the case of 
suppurative conditions where the ncutrophile polymorphonuclear leucocytes 
of the blood are chiefly concerned. When the local lesion is of some extent 
there is usually an increase of these cells in the blood — a neutrophile ieuco- 
cytosis Moreover, observation has showm that associated with this there is 
m the bone marrow an increased number of the precursors of these leucocytes 
— the neutrophile myelocytes The facts abundantly show that defence is not 
a mere local mechanism, and that increased proliferative activity in distant 
tissues is called into play 

In other cases the cells chiefly involved are the large mononuclear leuco- 
cytes. endothelial cells and histiocytes . these form together a group of 
non-granular cells to which Metchnikoff gave the name macrophages, and 
which more recently have been designated the reticuh-endothelial system. 
These cells are all charactensed by their capacity to ingest minute particles, 
such as bacteria or finely dinded suspensions of carbon, iron oxide, etc., and 
they also store m granular form certain colloids presented to them in solution, 
such as the ‘ vital ' stains The cells which possess this phagocytic property 
are especially the endotheha lining lymph gland sinusoids and the blood 
sinuses m the spleen, liver, and bone marrow, also the reticulum cells of lym- 
phatic tissue, spleen, and bone marrow, the histiocytes of connective tissue 
in general, and a proportion of the monocytes m the circulating blood ; less 
active in this respect are the endotheha of other blood and lymph vessels 
and the fibrocytes When living bactena such as pneumococci are injected 
into the blood stream, they are rapidly taken up by these phagocytes, the 
subsequent events depending on the virulence of the organisms If they are 
weakly virulent, the} may permanently disappear from the circulation, being 
phagocytosed and eventually destroyed, mainly in the endothelial cells of the 
spleen which, as it were, filters them out of the circulation, and also in the 
Kupffer cells of the liver, etc. . but in the case of a virulent strain they 
reappear again in the blood and, in the severest form of infection, progressively 
increase till death occurs from septiaemia. It is clear that such phagocytes 
play an important part m the fixation and destruction of bacteria ; also, on 
the analogy of their behaviour towards foreign colloids, it is thought that they 
may fix circulating toxins similarly. On the other hand, it has not been 
possible with certainty to produce marked increase in the susceptibility to 
organisms which cause general infections, by exclusion of a considerable part 
of the reticuIo-endotheUal system. Such attempts have taken the form either 
of splenectomy or of ‘ blockade ' by repeated massive injections of substances 
which are actively stored by the phagocytic cells, or both procedures liavebccn 
combined. Except in certain infections which are greatly increased in 
severity after splenectomy, such as that with the spiroch.-ete of relapsing 
fever, these procedures Iiave not led to definite lowering of resistance One 
point which must be borne in mind here is that the proliferative capacity of 
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the cells of the reticulo-endothelial system is so great that the chances of 
effecting extensive blockade arc remote. On the other hand, it has been 
demonstrated by Lcdingham that a local increase of such cells may enhance 
resistance ; thus an area of skm m which the phagocytic cells were present 
in excess owing to previous infiltration with India ink, failed to develop the 
usual lesions on the intracutaneous injection of the vaccinia virus at this site 
Similarly, the resistance of serous sacs to infection can be intensified by pro- 
cedures which lead to a local accumulation of macrophages Reaction by 
such cells is well seen m typhoid fever, where the specific bacillus appears to 
have little or no effect on the ncutrophile leucocytes In other cases, again, 
the reaction may be mainly on the part of the connective tissue cells, although 
their proliferation is always associated mth some v’anety of leucocytic 
infiltration and usually also with the formation of new blood vessels The 
leucocytic infiltration rnay consist of large numbers of lymphocytes, but the 
function of these cells in reactive processes is still imperfectly understood 
Such connective tissue reactions occur especially in chronic infections or in 
the later stages of an acute infection. The reactive tissue changes m the pres- 
ence of bacterial invasion are naturally very varied — examples of this wall be 
found in subsequent chapters — but they may be said to be manifestations of 
the two fundamental processes of {a) increased functional activity — 
exudation from blood vessels, phagocytosis, etc., and {b) increased formative 
activity — cell growth and division The exudation has been variously inter- 
preted, however. There is no doubt that the exudate may have bactericidal 
or opsonic properties and it also acts as a diluting agent , but it must still be 
held as uncertain whether the process of exudation ought to be regarded as 
primarily defensive or as the direct result of damage to the endothelium of 
the vessels It may also be pointed out that none of the various changes 
referred to is peculiar to bacterial invasion ; they are examples of the general 
laws of tissue change under abnormal conditions, and they can all be produced 
by chemical substances in solution or in a particulate state. What constitutes 
their special feature is their progressive or spreading nature, due to the 
bacterial multiplication 

(1) Local LrsioNs In some diseases the lesion has a special site— for 
e.xample, the lesions of enteric fever m the lymphoid follicles of the small 
intestine. In other cases it depends entirely upon the point of entrance, e.g 
malignant pustule of anthrax and wound infections due to pyogenic bacteria 
In others again, there is a special tendency for certain parts to be affected, 
as the upper parts of the lungs in tuberculosis 

When organisms gam entrance to the blood from a primary lesion, the 
organs specially liable to be affected vary greatly m different diseases The 
meningococcus shows a ' selective affinity’ ' for the pm-arachnoid membrane. 
Pyogenic cocci have a special tendency to settle in the capillaries of the 
kidneys and produce miliary abscesses, whikt these lesions rarely occur in 
the spleen. On the other hand, the nodules in disseminated tuberculosis or 
glanders are much more numerous in the spleen than m the kidneys, which 
m the latter disease are usually free Thus the distribution of lesions cannot 
be explained always on a mechanical basts Organisms, either bacteria or 
protozoa, which have reached the circulation, tend to accumulate m the pulp 
of the spleen, causing a proliferative reaction of the cells, as ivell as necrosis 
of tlie JIalpighian bodies sometimes This, together wath the removal of 
damaged cells from the circulation, leads to enlargement of the organ, which 
may be marked in some acute infections such as entenc fever. In an infection 
of old standing, such as chronic maJana, fibrosis occurs also, and the enlarge- 
ment may bo great Similarly, the lymphatic glands may undergo some 
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general enlargement in both acute and chronic infections when the organisms 
are widely clistribiited in the body, ev'cn apart from their presence in con- 
siderable numbers in tl>e g/and tissue. 

The question also arises as to whether particular strains of organisms may 
hav'c a selective affinity for certain organs or tissues, According to Rosenow, 
for example, cultures of streptococci isolated from gall-bladder disease in 
man when injected intravenously into animals such as rabbits, tend to localise 
specially in the gall-bladder General confirmation of this view is lacking, 
but it appears that sometimes such may be the case. Thus, among many 
cultures of B colt Helmholz found several which when injected intravenously 
into rabbits produced chiefly renal lesions. 

Acute local lesions. The local inflammatory reaction presents different 
characters in different conditions. It may be accompanied by abundant 
fibrinous evudation, by great catarrh (in the case of a mucous surface), b}' 
hiemorrhage, or by cedema ; it may be localised or spreading in character ; it 
may be followed by suppuration, and may lead to necrosis of the tissues, a 
good exampleof the latter event beinga furuncle. Among the pyogenic organ- 
isms staphylococci and streptococci habitually show a different behaviour 
on inoculation into the same species of animal. Thus staphylococci tend to 
produce large localised suppurations, while the h.xmolytic streptococci cause 
diffuse spreading inflammations. In order to elucidate this difference, 
Mcnkin injected a vital dye. trypan-blue, into infected areas of skin in rabbits ; 
he found that with the staphylococcus there was blocking of the lymphatics 
of the part \nthin an hour. After inoculation with the streptococcus, 
however, the lymphatics remained pcnncablc for thirty hours. Such dif- 
ferences probably depend on tlic characters of the toxins and enzymes 
produced by these organisms. Other e.vamples will be given in subsequent 
chapters, but it vnll be seen how comple.v may be the factors on which the 
production of a characteristic lesion depends The necrotic or degenerative 
changes affecting especially the more highly developed elements of tissues are 
chiefly produced by the direct action of the bacterial poisons, though aided 
by the disturbances of nutrition involved in the vascular phenomena. It 
may here be pointed out that a wcU-marked inflammatory reaction is often 
found in animal species which occupy a medium position in the scale of 
susceptibility ; and also that an org.anism which typically causes a general 
infection m a certain animal species, may produce only a local inflammation 
when its nrulence is lessened. The IjTmphatic glands which drain the site of 
a local lesion tend to enlarge, there being a hyperplasia of the lymphoid cells, 
with which IS often associated an infiltration of neutrophile leucocytes — 
lymphadenitis. These changes are partly due to organisms which reach the 
glands, but also to products formed at the site of the primary infection. 
Sometimes, as in bubonic plague, the lymphadenitis is not accompanied b}’ 
any lesion at the site of infection. 

The production of lesions in particular cells and tissues by viruses, as ivell 
as the special structures termed inclusion bodies, constitute problems which 
can be discussed more appropriately in a later chapter. 

Chronic local lesions In a considerable number of diseases produced 
by bacteria the local tissue reaction is a more chronic process than that 
described above ; there is less vascular disturbance and a greater preponder- 
ance of the proliferative processes, leading to new formation of granulation 
tissue. This formation may occur in scattered foci, so that nodules result, or 
it may be more diffuse. Such changes especially occur in the diseases often 
knorni as the injective granulomaia, of which tuberculosis, syphilis, leprosy, 
glanders, actinomycosis, etc., are examples. 
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Neoplastic changes. Such changes have not been found to be directly 
associated with bacterial infection. Rous showed, however, that a sarcoma 
in fowls is due to a filterable virus and since then a number of infective 
tumours in birds have been described In mammals of several species 
papillomata are caused by filterable viruses and recently it has been found 
by Rous that an infective papilloma of cotton-tail rabbits, studied by Shope, 
when transferred to tame rabbits, causes lesions which ultimately become the 
seat of epithelioma. So far, however, it has not been demonstrated that a 
\’irus is essential to the continued groivth of this malignant tumour 

(2) General Lesions produced by Toxins In the vanous infective 
conditions produced by bacteria changes commonly occur in certain organs 
unassociated with the actual presence of the organisms , these are due to the 
action of bacterial products circulating in the blood Many such lesions can 
be produced experimentally The specialised cells of various organs, particu- 
larly the kidney and liver, are liable to changes of this kind. Cloudy sw elling, 
which may be followed by fatty change or by actual necrosis with granular 
disintegration, is common Hjalme change m the walls of arterioles may 
occur, and in certain chronic conditions amyloid degeneration is brought 
about in a similar manner The latter has been produced in animals by 
repeated injections of Staphylococcus aureus Capillary hemorrhages are not 
uncommon, and arc in many cases due to an uicreased permeability of the 
vessel walls, aided by changes m the blood plasma, as indicated sometimes by 
diminished coagulability Similar htemorrhages may follow the injection of 
some bactenal to.Mns, e g oi diphtheria, and also of v’egetable poisons, eg 
ricin and abrin. Skin eruptions occurring in infective diseases are in some 
cases due to toxins in the circulating blood, eg in scarlatina, moreover, 
there is the important fact that similar skin eruptions may be produced by 
poisoning wth certain drugs In other infections the eruption is due to th^ 
presence and activity of the organism or virus in the skin Certain eruptions, 
however, may be allergic in ongin In the nervous system degenerative 
changes have been found in diphtheria, both in the spinal cord and in the 
peripheral nerves, and have been reproduced experimentally by the toxin 
of the diphtheria bacillus It is probable that some of the lesions of the 
nervous system occurring m syphilis have likewise a toxic origin Reactive 


it IS known from experimental work that such changes can be produced by 


long continued toxic action a genera! premature ageing of the tissues also 
occurs. Those changes are associated with disturbances of metabolism 
B. Disturbances ol Metabolism, etc. It wall easily be realised that such 
profound tissue changes as have been detailed cannot occur vnthoiit great 
interference with the normal bodily metabolism General malnutntion and 
cachexia are of common occurrence, and it is a striking fact found by expen- 
ment that after injection of bacterial products, a marked loss of body weight 
often occurs whicli may be progressive, leading to the death of the animal 
In bactenal disease assimilation is often imperfect, for the digestive glands 
are affected by actual poisoning with bactenal products, or by the occurrence 
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results in fever. The degree and course of the latter vary, sometimes conform- 
ing to a more or less definite type when the bacilli are selective in their field 
of operation, as in lobar pneumonia or enteric fever, sometimes being of a 
very irregular kind, especially when the bacteria from time to time invade 
fresh areas of the body, as in pyiemic conditions. The main point of interest 
regarding the development of fever is whether it is a direct effect of the 
circulation of bacterial to.xins, or should be looked on as part of the reaction 
of the body against the invading organism. This question has still to be 
settled, and all that vve can do is to adduce certain facts bearing on it. Thus 
in diphtheria and tetanus, where toxic action leading to degeneration plays 
such an important part, fe\’er may be a very subsidiary feature, exxept in 
the terminal stage of the latter disease , and, in fact, in diphtheria pro- 
foundly toxic effects may be produced with little or no interference with 
heat regulation. On the other hand, in bacterial diseases where defensive 
and reparative processes predominate, fev'er is rarely absent, and it is 
nearly always present when there is an actix’e leucocytosts. In this connec- 
tion several observ’ers have found that when a relatively small amount of 
the dead bodies of certain bacteria is injected into an animal, fever occurs ; 
while the injection of a large dose is followed by subnormal temperatures and 
rapidly fatal collapse. Accordingly, it might appear as if the occurrence of 
fever had a beneficial effect and this is now supported by the results of fever 
therapv m certain infective diseases, e.g syphilitic general paralysis of the 
insane, gonorrhoea But such beneficial effect is seldom due to the bactena 
being unable to multiply at tlie higher degrees of temperature occumng in 
fever. A certain amount of evidence has been brought forward to show that 
antibodies are more rapidly produced when the temperature of the body is 
above the normal, and it has been supposed that in this way fever may be of 
.the nature of a defensive reaction But the production of antagonistic 
substances may be effected without the occurrence of fever or of an}’ apparent 
disturbance of health 

C. Sjmiptoms. Many of the symptoms occurring in bacterial infections 
are produced by the tissue changes mentioned, as can be readily understood ,' 
whilst in the case of others, corresponding changes have not yet been dis- 
covered Of the latter, those associated with fever, wth its disturbances of 
metabolism and manifold affections of the various systems, are the most 
important The nervous system is especially liable to be affected — convul- 
sions, coma, paralysis, etc , being common. The symptoms due to disturbance 
or abolition of the functions of secretory glands also constitute an important 
group, forming, as they do, a striking analogy to what is found in the action 
of various drugs 

These tissue changes and symptoms are given only as illustrative examples, 
and the list might be greatly amplified. The important fact, however, is that 
mmt of the changes found throughout the organs (without the actual presence 
of bacteria), and also the symptoms occurring in infective diseases, either can 
be e.xperimentally reproduced by the injection of bacterial poisons or have an 
analogy in the action of drugs ’ 


THE TOXINS PRODUCED BY BACTERIA 

Early Work on Toxins. The introduction of the principle of rendering 
fluid cultures bacteria-free by filtration through unglazed porcelain, and 
its application by Roux and Yeisin to obtain, in the case of the diphtheria 
bacillus, a filtrate containing a to.xin which reproduced the symptoms ol 
this disease, constitute the starting-point of modem work on the subject. 
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Bneger had previously isolated from putrefying substances and also from 
bacterial cultures, nitrogen-containing bases, piomauics, similar to those 
occurring m the ordinary metabolic processes of the body Ptomaines 
isolated from pathogenic bacteria m no case reproduced the symptoms of 
the corresponding disease, and they have only historic interest. 

General Facts regarding Bacterial Torins. In dealing with the action of 
toxins it is necessary to distinguish between the effects produced by the actual 
constituents of the bacterial protoplasm (intracellular tOMns, endotoxins) and 
those which arc traceable to soluble substances in the media m which bacteria 
are growing (extracellular toxins, exotoMns) The former are concerned in 
the action of by far the greater number of pathogenic bacteria . the latter 
account for the pathogenic processes seen in a limited number of diseases, of 
which diphtheria and tetanus may be taken as outstanding examples This 
distinction is of practical importance, as in consequence of these two diseases 
having been specially investigated early m the history of research on the 
subject, there was a tendency at one time to take for granted that poisons of 
a similar constitution are concerned in ad cases of bacterial intoxication 
The question also arises whetlicr a definite distinction can be made between 
the two kinds of toxins, since wide variations occut m the readiness with 
which different organisms liberate toxic products from their bodies It is a 
point of fundamental importance that substances with all the properties of 
toxins ha\e only been formed by the activity of living organisms 

Exotoxins. In the cases of a few pathogenic bacteria the media in winch 
thej are growing become extremely toxic The best examples are the 
organisms of diphtheria, tetanus, and botulism . in thc«c and similar cases, 
when broth cultures arc filtered bactcrium*frcc toxic fluids arc obtained, 
which on injection into animals reproduce the characteristic symptoms of the 
corresponding diseases. This contrasts with the pneumococcus or anthrax 
bacillus, filtered cultures of which arc usually non-toxic Poisons appearing 
m culture media have been called extracellular toxins or exoto.xins The 
question was debated at one time whether they are excreted by the bacteria 
or whether they are produced by the bacteria acting on constituents of the 
media There seems little doubt now that they arc diffusible products of the 
bacterial cell The exotoxms are easily obtainable, but, in the past, attempts 
to isolate them in the pure chemical state have not been generally successful, 
and our knowledge of tlieir properties was chiefly derived from the study of 
the toxic filtrates of broth cultures — these filtrates being usually referred to 
simply as the ' toxins ’ Such toxinsdiffcrin tlicircffccts from thcendotoxins 
in that specific actions on certain tissues arc often manifested Thus the toxins 
of the diphtheria, the tetanus, and the botulism oi^anisms all act on the nerv- 
ous system Exotoxins of pyogenic staphylococci and streptococci produce 
lysis of red blood corpuscles, which may in certain instances explain the 
anaemia so common in the associated diseases In the action of many of these 
toxins the occurrence of a period of incubation between the introduction of 
the poison into the animals’ tissues and the appearance of symptoms is 
often a marked feature Exotoxms when injected into living animals 
act as antigens and lead to the appearance in the blood serum of specific 
antibodies, these are substances winch combine with the corresponding 
toxins and so neutralise their jiathogenic action and are therefore designated 
' antitoxins ' 

Among the properties of the exotoxms are the follow mg Their quantita- 
tive potency is in many cases of an exceedingly liigh degree, minute amounts 
of culture-filtrates producing the characteristic effects They are soluble in 
water and arc not readily dialysable, though they vary in this respect They 
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the antibodies and so preventing their action on the pneumococcus. 
Perhaps the most important aspect of the problem is tlie recognition of 
the existence of toxins having a direct action on the phagocytes. For 
example, the pyogenic cocci produce substances causing death of leuco- 
cytes and to these the term leitcocidin has been given, but it should be 
recognised that such leucocidins arc difTusible products and analogous to 
the exotoxins. 

Thus, various bacterial products may enable the organisms to establish 
themselves in the tissues and so act as aggressins. While aggressins have been 
spoken of as if they constituted a.separate class of toxic substances, this is 
very doubtful. The term descrilics merely bacterial products which act by 
interfering \nth phagocytosis. 

Toxic Effects in Relation to Allergy. There is another point which must be 
kept in view, namely, that some of the phenomena which have been regarded 
as dependent upon the activity of bacterial toxins may possibly be related 
to the condition of allergy wbicJi con.sjsts in the development under cer- 
tain circumstances in an animal of a superscnsitivencss to foreign proteins, 
not toxic in themselves Effects of the gravest kind may be produced during 
this period of superscnsitivencss, and it has been thought that some of the 
phenomena of an infective disease, e.g. tlic intervention of an incubation 
penod before sj’/nptoms occur, may be accounted for by the gradual dei-elop- 
ment of supersensitiveness to the proteins of the invading bacteria : and it 
has been demonstrated by methods to be referred to later, that in various 
infections the tissues of the patient arc more susceptible to the products of 
the invading organisms tlian arc the tissues of a normal individual. The 
so-callcd ShiVitrlzmaii phenomenon described in Chapter III also merits con- 
sideration in the study of bactcnal lesions, and shows that the products of 
an organism, not primarily toxic, may so alter the reactivity of the tissues 
that the same products or similar substances derived from another organ- 
ism may later excite an acute reaction even with h.-emorrhage and necrosis. 
The phenomena of any bacterial disease may thus in reality be due to very 
different and complex causes. 

The Nature oI Toxins. Until recently comparatively little was known re- 
garding this subject The fact that many c.xoto.xins are precipitated along 
with proteoses suggested that they are formed from the medium in which the 
bacteria are growing by processes analogous to those of enzyme action. 
Dernby and W'album brought forward evidence in support of this view ; thus 
in the case of the diphthena bacillus they found that a marked increase of 
to.xicity developed when an e.xtract of the organisms or a small amount of 
toxin was allowed to act for some time on peptone broth. Further evidence 
that bacterial toxins are either proteoses or bodies having a still smaller mole- 
cule was adduced by C. J. Martin By filling the pores of a Chamberland 
bougie with gelatin, he obtained what is practically a strongly supported 
colloid membrane through which dial^’sis could be made to take place under 
pressure, say, of compressed oxygen. In such an apparatus diphtheria to.xin 
could pass through just as the proteoses did. 

On the other hand, certain facts indicate that the exotoxins, like the 
endotoxins, are the product of the sj’nthetic metabolism of bacteria. Thus 
diphthena and tetanus bacilli can produce toxins when growing in protein- 
free fluids. Pngge found that when diphtheria bacilli were washed with a 
succession of changes of saline, toxin soon ceased to be extracted. At this 
stage treatment of the bacilli in a Buchner’s press did not jield a to.xic fluid 
>But if the washed organisms were kept under toluol for some days, then a 
further brief washing with saline again e.xtracted toxin. The conclusion 
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drawn from such experiments was that the toxin is a constituent of the bodies 
of the bacilli, which is liberated after their death. 

In the chemical purification of exotoxins success has been obtained 
recently \vith that of the diphtheria bacillus (Eaton ; Pappenheimer ; and 
Boivinj. From cultures in a synthetic medium this toxin has been isolated 
in practically pure form and is a protein with a molecular weight of 15,000 to 
72,000 (Pappenheimer, 1942). According to Eaton and Gronau, tetanus toxin 
when similarly purified fails to be precipitated by acid or alum and so differs 
from punfied diphtheria toxin. However, tetanus toxin (tetanospasmin) has 
also been prepared by Pillemer et al. as a crystalline protein and botulmus 
toxin similarly by Lamanna et ah The fatal dose of the latter for a mouse is 
0-000000033 mgm. So far, no clue has been obtained as to why these 
toxic proteins should exert poisonous action on higher animals. As already 
pointed out, not all exotoxins are destroyed by proteolytic enzymes and 
certain ivorkers have obtained punfied toxic products which are protem- 
free. 

Of the nature of the endotoxins little is known In order to produce 
fatal effects with endotoxins, as a rule much larger doses are required than in 
the case of exotoxins. They are in general much more resistant to destruction 
by heat than are the e.xtracellular toxins They are not coagulable proteins, 
and are not usually affected by formaldehyde, like the exotoxins It was 
claimed by Macfadyen that on gnnding up typhoid bacilli frozen by liquid 
air and allowing the material to thaw he obtained the endotoxins in liquid 
form, and he further stated that by using this fluid he could immunise animals 
not only against the toxins but also against the living bacteria It is doubt- 
ful, however, whether antitoxins can be developed in animals by injecting 
endotoxins, although injections of killed bacteria, even m relatively small 
amounts, may give rise to agglutinating, opsonic, and bactericidal anti- 
bodies in the serum. Thus Friedberger and Moreschi found that in the 
human subject the intravenous injection of a fraction of a loopful of 
a dead culture of the typhoid bacillus gives rise to toxic symptoms, 
including marked febrile reaction, followed by the appearance of such 
antibodies 

Vaughan obtained a ' poisonous protein ' by treating bacteria with alcohol 
and ether and then extracting them with hot alkaline alcohol (similar pro- 
ducts were got also from blood-free tissues of higher animals and exerted 
poisonous action c'” ’ 

pathogenic might j •- 

genic organisms li • s 

concluded that generally the more highly susceptible a given animal is to 
infection with a given bacterium the more difficult it is to kill that animal 
with the cellular protein of that bacterium and vice versa He accounted for 
such results by the fact that non-pathogemc organisms are destroyed by the 
tissues under natural conditions before they have had sufficient opportunity 
for proliferation to provide a dangerous dose of the poisonous protein 
Vaughan’s protein poisons may correspond with endotoxins In any case, 


endotoxins by the work of Boivin and Mesrobeanu and of Topley and 
Raistnek who have studied these products among various Gram-negative 
intestinal bacilli Their findings show that a toxic and specific antigenic 
constituent can be separated from the bacterial cell which is non-protein and 
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consists of carbohydrate combined wth phosphatide. When this compound is 
split by acid the carbohydrate is non-toxic and the phosphatide only slightly 
toxic Such observations are of special interest in defining non-protein 
substances as toxins and antigens (vide p 80), but they do not permit of any 
generalisation in regard to the chemical nature of endotoxins as a group of 
bacterial products. 

There has been much inquiry regarding the significance of the incubation 
period which elapses between the introduction of many toxins into the body 
and the first evidence of consequent damage. This latent period is not invari- 
ably present ; thus, for example, a fatal dose of staphylococcus toxin when 
injected intravenously into a rabbit produces its effect wnthin a few minutes. 
But when tetanus toxin is injected into the substance of the spinal cord so 
that it comes into immediate contact with the cells on which it acts, there is an 
interval of some hours before the development of tetanus. It must be noted, 
however, that action after a latent period is not peculiar to toxins, since the 
harmful effects of certain physical agencies, such as an exposure to radiations, 
may develop after a long interval. It has been supposed in the case of toxins 
that they may act like ferments and initiate some change in the tissues, and 
that further chemical substances must then be formed before the pathogenic 
effects are produced. While toxins and ferments may, show analogies in 
their liability to be destroyed by agencies such as heat, there is no close 
parallelism in the behaviour of the two kinds of active substance. It should 
be noted especially that toxins differ from ferments in that the former are 
strictly quantitative in their action. 

Simll&r Vegetable and Animal PoUoas. It has been found that the bacterial poisons 
belong to a group of toxic bodies all presenting very similar properties, other members of 

which occur Avidely ID the vegetable and animal king ’ * • - 

examples are the ricm and abrin poisons obtained 
seeds of the Rtanus eommunts and the Abrus 

From the Robtnia pseudacacta another poison — robin— belonging to the same group is 
obtained The chemical reactions of ricin and abrin correspond to those of the bacterial 
exotoxins They are soluble m water, they are precipitable by alcohol, but being less 
easily dialysable than the proteoses they have been called toxalbumins. Their toxicity is 
senously impaired by boiling, and they also gradually become Jess toxic on being kept. 
Both are among the most active poisons knoivn — ncm being the more powerful. When 
they are injected subcutaneously a penod of twenty-four hours usually elapses — 
whatever be the dose — before symptoms set in Both tend to produce great inflamma- 
tion at the site of injection, which m the case of ncin may end in an acute necrosis , 
in fatal cases bsmorrhagic enteritis and nephritis may be found. Both act as irritants to 
mucous membranes, abnnespeciailybeingcapableofsettingupamost acute conjunctivitis. 
In the action of a poisonous fungus. Amamta phaUotdes, a somewhat similar toxin is 
responsible After an incubation penod of some hours, symptoms of abdominal pain, 
dtarrhcea with bloody stools, and, later, jaundice occur. In vUro the toxin also has a 
hsemoly tic action As in the case of the toxins referred to above, neutralising antibody 
IS present m the serum of immunised animals This is specially noteworthy in regard 
to the hsmolytic principle, which is a glycoside according to Ford 

The poisons of bees, scorpions, and poisonous snakes belong to the same group The 
poisons derived from the last are usually called venoms , and a very representative group 
of such venoms derived from diderent species has been studied To speak generally, 
there is derivable from the natural secretions of the poison glands a senes of venoms 
which have all the reactions of the bodies previously considered. They are not so easily 
dialysable as bacterial toxins, and therefore have been classed as toxalbumins Their 
properties are similar to those of ncin and abnn ; ‘many of them are destroyed by heat, 
but the degree necessary vanes much, and some w^l stand boiling. There is ^so evidence 
that in a crude venom there may be several poisons differently sensitive to heat. All the 
venoms are very powerful poisons, bat there is practically no penod of incubation — the 
effects are almost immediate An outstanding feature of the venoms is the complexity of 
the crude poison secreted by any particular species of snake C. J. Martin, in summing up 
the results of many observers, has pointed out that different venoms have been found to 
contain one or more of the following poisons : a neurotoxin acting on the respiratory 
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centre ; a neurotoxm acting on the nerve endings in muscle , a toxin causing hsmolysis , 
toxins acting on other cells, e g. the endothelium of blood vessels (this from its eSects has 
been named hiEmorrhagm). leucocytes, nerve-cells , a toxin causing thrombosis . a toxin 
having an opposite effect and pre-v enting coagulation , a toxin neutralising the bacteri- 
cidal qualities of the body fluids and thus favouring putrefaction , -a toxin causing 
agglutination of the red blood corpuscles , a proteolytic ferment , a toxin causing 
systolic standstill of the excised heart Any particular venom contains a mixture in 
varying proportions of SuCh toxins ; and the different effects produced by the bites of 
different snakes largely depend on this variability of composition The neurotoxic, the 
thrombotic, and the hamolytic toxins are very important constituents of any venom 
The toxicity of different venoms vanes much, and no general statement can be made with 
regard to the toxicity of different poisons towards man Lamb calculated that the fatal 


from general effects is given, very rapid and widespread necrosis may often occur in a 
few hours around the site of inoculation 

An extremely important fact was discovered by Rexner and Noguchi, namely, that 
the haemolytic toxin of cobra venom in certain cases has no action by itself on red cor- 
puscles, but produces rapid solution when some normal serum is added, the latter con- 
taining a labile complement-like body, which activates the venom In this there is a 
close analogy to what holds in the case of a haemolytic serum deprived of complement by 
heat at 5JS® C So far no example of similar activation of a bacterial toxin is known, but 
the results mentioned point to the possibility of this occumng in some cases in the tissues 
of the body 

There is another group of toxic manifestations which present some analogies to those 
of the bacterial toxins , the best example of these is found in the toxic properties of the 
serum of the eel If a small quantity of such serum, say 0 25 c c , be in;ected into a 
rabbit subcutaneously, death occurs in a few minutes Nothing is known oi the sub- 
stances giving rise to such effects 

7' r ■ *7 • 


all possess the further property that, as will be afterwards descnbed, when 
introduced into the bodies oi suitable animals they act as antigens and 
stimulate the production of neutralismg substances called antitoxins The 
nature of the antagonism between toxin and antitoxin will be discussed 
later. Here, to explain what follows, it may be stated that (1) the toxin 
fonns directly a combination with the antitoxin, and (2) it may lose 
much of its toxic power (as a result of keeping, or through treatment with 
certain chemicals, eg. formaldehyde) and still be capable of uniting with 
exactly the same proportion of antitoxin From these and other circum- 
stances Ehrlich advanced the view that the toxin molecule has a complicated 
structure, and contains two atom groups. One of these, the haptophore 
{d-iTEiv, to bind to), is that by which combination takes place with the 


occurs in, say, diphtheria toxin, on the theory that the toxophore group 
undergoes disintegration If we suppose that the haptophore group remains 
unaffected, we can then understand how a toxin may have its toxicity 
diminished and still require the same proportion of antitoxin molecules for its 
neutralisation. To the bodies whose toxophore atom groups have become 
altered in this way, Ehrlich gave the name toxoids. His view with regard to 
the origin of toxoids from toxins has received ample confirmation withm 
recent years by the work of Ramon and others, and is now generally accepted. 
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The theory may afford an explanation of what has been suspected, namely, 
that in some instances toxins derived from different sources may be related 
to one another. For e.xample. Ehrlich pointed out that ricin produces in a 
susceptible animal an antitoxin which corresponds almost completely with 
that produced by another vegetable poison, robin {vide supra). This may be 
explained on the supposition that the haptophore groups of ricin and robin 
correspond, while their toxophore groups differ. The whole subject uill be 
referred to again in the chapter on Immunity. 



CHAPTER III 


IMMUNITY 

By immunity is meant non-susceptibility to infection by a pathogenic 
organism or to its toxins. Immunity may be possessed by an individual 
naturally, and is then usually called neural immunity , or it may be acquired 
by passing through an attack of the disease, or the same result may be 
obtained by means of artificial moculation It is to be noted that man and 
the lower animals may be exempt from certain diseases under natural condi- 
tions, and yet the causal organisms of these diseases may produce pathogenic 
effects when injected m sufficient quantity. Immunity is, in fact, of very 
varying degrees, and accordingly the term is used with a relative significance 
— this is not only true of infection by bacteria, but of toxins also When the 
resistance of an animal to a toxin is of high degree, it may nevertheless be 
overcome by a very large dose. On the other hand, even in cases where the 
natural resistance is high, this can be still further exalted by artificial 
means— that is, the immunity may be artificially intensified It is not 
yet clear whether acquired immunity depends simply on an exaggera- 
tion of the mechanisms of natural immunity or whether it is essentially 
different. 

Acquired Immunity in the Human Subject. The following facts are sup- 
plied by a study of the infective diseases which affect the human subject 
naturally First, in the case of certain of those, one attack protects against 
another for many years, sometimes practically for a lifetime, eg. smallpox, 
typhoid, scarlet fe^’er, etc The protection is specific, since the person 
remains susceptible to other infections Secondly, m the case of other 
diseases, eg erysipelas, influenza, gonorrhcBd. etc, a patient may suffer 
from more than one attack In the case of the diseases of the second group, 
however, experimental research has shown that m many of them immunity 
is developed, but is transient , and, though we cannot definitely state it as a 
universal law, it must be considered highly probable that the passing through 
an attack confers immunity for a longer or shorter period The immunity is 
not, however, to be regarded as the result of the disease per se, but of the 
reaction to bacterial products formed in the body during the disease It has 


process of immunisation would appear to be going on during the progress of 
the disease, and when this immunisation has reached a certain height, the 
disease naturally comes to an end The immune substances are found m the 
plasma and the serum , the term ‘ antibodies ' has been applied to them 
Such antibodies represent a biological reaction to certain foreign substances, 
called antigens, which have come into contact with the host's tissues . the 
immunity reaction is really independent of the occurrence of symptoms of 
disease It should be noted that different individuals, even of the same 
species, may vary enormously m the degree of their antibody response to a 
given dose of antigen. While the changes undergone by the plasma and 
serum of immunised individuals are as a rule readily demonstrable, it must be 
understood that it is difficult to detect alterations m the tissue cells which 
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constitute the source of the antibodies. In many cases also phagocytic cells 
are instrumental in finally destrojnng jwthogenic organisms which have been 
acted on by antibodies ; accordingly, a state of immunity frequently results 
from the combined action of antibodies (the ' humoral ' factor) along with 
tissue cells. The study of the latter belongs to pathology; here the chief 
concern is with properties of the plasma or serum of immunised indKiduals — 
serology 

Another principle is exemplified by vaccination against smallpox (variola), 
ijamely, that immunity may be conferred as the result of passing through 
d modified attack of a disease. Vaccinia virus is derived from that of small- 
pox by passage through the cow. As a result it becomes altered, so that when 
vaccination is performed the consequent pathogenic effects are slight as 
compared with those of unmodified smallpox. Although the degree of im- 
munity conierred by vaccination is less complete and lasts a shorter time than 
that produced by a natural attack of variola, nevertheless a very effective 
protection is produced against the serious effects of the latter. It will be 
seen, as a further development of tins principle, that by suitable gradation 
of the doses of bacteria or thctc products, or by the use of attenuated bacteria 
or weakened toxins, a high degree of immunit)’ may be attained without the 
occurrence of any sjTnptoms whatever. 

Mliat has been stated above with regard to infections of man applies 
generally to those of other mammals. 

ARTinciAL iMmmmr 

According to the means by which it is produced, immunity may be said 
to be of two kinds, to which the terms acUve and passive are generally applied. 

Active mmuiitty is obtained by introducing into the tissues, i.e. ' parenter- 
aUy (a) the causal organisms of a disease either in an attenuated condition 
or in sub-lethal doses, or (i) sub-lcthal doses of their products, i.e. of their 
‘ toxins the w’ord being used in the widest sense. By repeated injections 
at suitable intervals the dose of organisms or of the products can be gradually 
increased , or, what practically amounts to the same, an organism of greater 
virulence or a toxin of greater strength may be used. The establishment of 
immunity is commonly attended by the appearance of antibodies in the 
icrum, and the constituents of the tectcria or toxins which lead to the de- 
velopment of these are antigens. Such methods constitute the means of 
preventive inoculation or vaccination. Immunity of this kind is comparatively 
slowly produced and lasts a considerable time, the duration var^ang in 
different cases 

Passive immunity depends upon the fact that if an animal be immunised 
to a high degree by the active method, its serum may have considerable 
antagonistic or neutralising effects w'hen injected into another animal along 
with the organisms or with their products, as the case may be ; that is, the 
antibodies developed bj’ active immunisation may be transferred to a fresh 
animal. Such a serum, generally known as an anUserum, may exert its effects 
if introduced into an animal at the same time as infection occurs or even a 
short time afterw’ards ; it can, therefore, be employed as a curative agent. 
The serum is a\%o preventive, i.e. protects an animal from subsequent infection, 
but the passive immunity thus conferred lasts a comparatively short time. 
These facts form the basis of serum therapy, W'hen such a serum has the 
povver o! neutralising a toxin it is called antitoxic ; when, with little or no anti- 
toxic power. It protects against the living bacterium in a virulent condition, 
it is called antimicrohic or antibacterial {vide infra) 
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Immunity towards the vanous classes of infective agents — bacteria, 
spirochsetes, protozoa, fungi, filter-passmg viruses, etc. — appears to depend 
upon the same principles. Further, the differences which may be presented 
m the case of different members of any one of these groups are at least as 
pronounced as those observed between the different groups as a whole 
Active immunity of high degree developed by the methods described may be 
regarded as specific in the sense explained later. 

In the accompanjfing table a sketch of the chief methods by which 
immunity may be artificially produced is given. It has been arranged merely 
for purposes of convenience and to aid subsequent description , the principles 
underlying all the methods are the same. 

Artificial Immunity — Methods of Production 
A Active Immunity, 1 1 produced in an animal by the introduction, once 
or repeatedly, of non-lethal doses of an organism or its toxins It is 
essential, as a general rule, that the antigen should be tnjecied tnto the 
tissues, that is, parenterally, and not introduced into the alimentary 
tract. 

1 By living organisms 

(a) Attenuated in vanous ways Examples 

(I) By growing in artificial culture media (2) By growing at 
abnormal temperatures, etc (3) By growing m the pres- 
ence of weak antiseptics, or by injecting the latter along 
with the organism, etc (4) By passing through the tissues 
of an animal of different species from the one to be 
immunised 

(fc) In a virulent condition, in non-lethal doses 
(«) and (6) may be followed by the introduction of organisms of exalted 
virulence 

2. By dead orgamswts 

3 By filtered bacterial cultures, t e toxins , or by substances derived from 
such filtrates, t e toxoids (aita/oxjiis) 

These methods may also be combined in various ways 
B Passive Immunity, t e produced in one animal by injection of the serum 
of another animal highly immunised by the methods of A 

1 By antibacterial serum, t e the serum of an animal highly immunised 

against a particular bacterium in the living and virulent condition 

2 By antitoxic serum, i e the serum of an animal highly immunised 

against a particular toxin 

METHODS OF PRODUCING ACTIVE ARTIFICIAL IMMXTOITY 

1. By Living Cultures. («) Attenuated In the earlier work on im- 
munity to anthrax, fowl cholera, swme plague, etc , the investigators had 
to deal Mith organisms of high virulence , accordingly the virulence had 
to be reduced before the organisms could be injected in the living state 
It is now found most convenient as a rule to start the process of active 
immunisation with the injection of dead cultures The principle is the same 
as that of vaccination, and both attenuated cultures and also the dead cul- 
tures used for injection are often spoken of zismccuies It is doubtful ivhcther 
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(Metchnikoff and Besredka), etc., living organisms are more effective than 
dead organisms as a vaccine. The same is true of many of the filter-passing 
viruses. 

Atlemtatton of the virulence of organisms. The virulence of an organism 
may be diminished in various 'vays, of which the follo\ving examples may be' 
given . 

(1) In the first place, most organisms when cultivated for some time 
outside the body, lose their idrulence to a greater or less degree, and in the 
case of some this is very marked indeed, eg. the pneumococcus. Pasteur 
found m the case of fowl cholera, that w'hen cultures were kept for a time in 
ordinary conditions, they gradually lost their virulence, and that when sub- 
cultures were made the diminished I'irulence persisted. Such attenuated 
cultures could be used for protective inoculation. He considered the loss of 
virulence to be due to the action of the oxygen of the air, as he found that in 
tubes sealed m the absence of oxygen the virulence was not lost. Haffkine 
attenuated cultures of the cholera vibrio by growing them in a current of air. 

(2) Many organisms become diminished in virulence when grown at an 
abnormally high temperature The method of Pasteur, for producing im- 
munity m sheep against anthrax bacilli, depends upon this fact. 

(3) Still another method may be mentioned, namely, the attenuation of 
the virulence by growing the organism in the presence of weak antiseptics. 
Chamberland and Roux, for example, succeeded in attenuating the anthrax 
bacillus by growing it in a medium containing carbolic acid in a concentration 
of 1 600 In Calmette and Guerin’s method of immunising against tuber- 
culosis a culture of the tubercle bacillus is used which has become highly 
attenuated as a result of prolonged growth on a medium containing bile. 

(4) The virulence of an organism for a particular animal species may be 
lessened by passing the organism through another species. Duguid and 
Biirdon Sanderson found that the virulence of the anthrax bacillus for 
bovine animals was lessened by passage through guinea-pigs, the disease 
produced in the ox by inoculation from the guinea-pig being a non-fatal one. 
A similar principle was applied in the case of swine erysipelas by Pasteur, 
who found that if the organism producing this disease was inoculated from 
rabbit to rabbit, its virulence was diminished for pigs. The method of vac- 
cination against smallpox depends upon the same principle. 

These examples serve to show the principles underlying attenuation of 
the virulence of an organism There are, however, still other methods, most 

of which consist in growing the organism in relatively unfavourable conditions. 

Depression immunity. A striking phenomenon in active immunisation 
was described hy Morgenroth et al. They found that when mice were the 
subjects of a chronic general streptococcal infection, the effects of an additional 
injection of virulent streptococci were diminished ; and the important point 
is that such mitigation was manifest within twenty-four hours after the 
onginal inoculatK ' ........ 

ing or depressing 
— hence the term 
further elucidiition. 

[b) Living Virulent Culfores in Non-lethal Doses. Immunity may 
also be produced by employing Wnilent cultures in small, that is, non-lethal, 
doses. This may be effected by injecting the organisms into a situation 
which is unfavourable for the development of the pathogenic action, eg. tlie 
intravenous injection of the BactUus chauveei. In subsequent 
the doses may be increased m amount. Such a method, however, is diffumu 
to control, and it has generally been found more convenient to commence the 
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proce&s of immunisation with dead or attenuated cultures, and then to 
continue with virulent cultures 

Exaltation of virulence of organisms. The converse process to attenua- 
tion, i e. the exaltation of the virulence, is obtained chiefly by the method of 
rapidly transferring the organism from animat to animal of the same species — 
the method of />flssag«— which was discovered by Pasteur (first, it appears, 
in the case of an organism obtained from the saliva in hydrophobia, though 
having no causal relationship to that disease) This is conveniently done by 
injection into the peritoneum or circulation. When the animal dies or is 
killed the organisms in the heart blood or peritoneal fluid may be used for 
the subsequent injection, or a culture may be made between each inoculation 
The virulence of many organisms can be increased in this way, the animals 
most frequently used being rabbits and gmnea-pigs This method can be 
applied generally to those organisms which invade tissues, pneumococci, 
streptococci, and staphylococci, etc , as well as to those of typhoid and 
cholera It is known that cultures of a given species of organisms may vary 
in virulence, and this is sometimes assoaated with differences in colony 
appearance (p. 26) Within the animal body there may be a selective multi- 
plication of virulent strains, although there is also evidence that a true 
enhancement of virulence m response to environment occurs , in some 
instances this is indicated by the formation of a capsule In many instances 
however, it is difficult or even impossible to exalt the virulence of an organism 
by passage Also, several strains of an organism may show differences in 
virulence which so far cannot be correlated with differences m other pro- 
perties already referred to As has been mentioned, a decapsulate variant 
may be rendered virulent by treatment tn vitro which produces a capsule 
again. It is noteworthy, however, that this procedure is not effective 
unless the variant strain was denved originally from a virulent organism 
(Shaffer, Enders et al,). 

2. By Dead Cultures. In some cases a high degree of immunity against 
infection by a given organism may be developed by repeated and gradually 
increasing doses of killed cultures, the method of killing being sometimes by 
heat, sometimes by exposure to some antiseptic, eg formalin, etc. In this 
procedure the so-called endotoxins \vill be injected along wth the other sub- 
stances m the bacterial protoplasm, but the resulting immunity is chiefly 
directed against the vital activity of the organisms, i e is antibacterial rather 
than antitoxic {vide infra). It is. however, not universally applicable Dead 


cultures ; this method is extensively used for experimental purposes The 
use of dead cultures is adopted in man in anti-typhoid and anti-plague 
inoculations, etc , and also for the treatment of infections by means of 
vaccines When killed cultures are to be used for purposes of immunisation 
it is important to ensure that the organisms possess the most efficient antigens 
for developing protective antibodies As has been seen, variants tend to 
develop in cultures on artificial media ; for example, when the normal type 
of the colony is ' smooth ' rough ' forms appear which lack the capacity to 
produce a solid immunity against the respective infection 

By sensitised dead cultures. In this method, which ivas originally introduced by 
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being produced. 

Active Immunity by Feeding. Ehrlich found that mice could be gradually immunised 
against ncin and abnn by feeding them with increasing quantities of these substances 
[vide p G8) In the course of some \\Mks’ treatment in this way the resulting im- 
munity was of so high a degree that the animals could tolerate on subcutaneous inocula- 
tion 400 times the dose onginally fatal Fraser also found m the case of snake venom 
that rabbits, by being fed with the poison, could be immunised against several times the 
lethal dose of venom injected into the tissues In such cases some of the constituents 
which act as antigens apparently pass through the intestinal wall unchanged Vaccines 
have also been administered by mouth in the case of tjqihoid and Shiga's dysentery 
bacillus, but the immunity produced seems to be less than after parenteral administra- 
tion The method is of restricted application 

Practical Applications. The following may be mentioned as some of the 
most important practical applications of the principles of active immunisa- 
tion, with a view to the prevention of disease, t.e of protective inoculation 
(1) Vaccination of sheep and cattle against anthrax (Pasteur) ; (2) Jennenan 
vaccination against smallpox ; (3) Anticholera vaccination (Haffkine) , 
(4) Anti-plague vaccination (Haffkine) ; (5) Anti-typhoid vaccination 
(Wright and Semple) ; (6) Pasteur's method of inoculation against hydro- 
phobia, which involves essentially the same principles ; (7) Toxm-antitoxin 
or toxoid (anatoxin) immunisation against diphtheria and tetanus , (8) Vac- 
cination against Rickettsia infections — Rocty Mountain spotted fever and 
the typhus fevers ; (9) Vaccination against dc^ distemper , (10) Vaccination 
against yellow fever 

In order to maintain active immunity to the above diseases at an effective 
level It IS usually necessary to repeat immunisation at mten.'als of one to 
several years according to the particular infection 

Local Immunisation. A certain degree of immunity, or rather of increased 
general resistance of parts of the body (for example, the peritoneum), can be 
produced by the injection of various substances—- broth, blood serum, 


According to Besredka, killed cultures of streptococci do not confer immunity when 
injected subcutaneously, but do so when injected into the skin, the larger the number of 
points of injection the higher being the immunity Filtrates of cultures are also efiec- 
live , they contain ‘ antmrus ' which produces immunity only when injected into the 
skin or applied over the surface A somewhat similar example of local immunity 
was"observed in the case of infection through the skin in anthrax He finds also that 
It IS possible to produce a local immunity of the respiratory tract against B diphtheria! 
by intratracheal injection of the organism m the dead condition ; and of the intestine 
against B paratyphosus by previous oral administration of ox bile with the killed 


instead of antmrus ; again, antibodies are not invariably absent from the serum of 
animals immunised by Besredka's methods Accordingly the insusceptibility to infec- 
tion which IS developed by means of Besredka's procedures would appear to depend 
partly on local changes involving the reticulo-endothchal system (p 6S). which are 
non-specific in character, and partly on the production of active immunity in response 
to the specific antigens introduced 
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ANTIGENS AND THE PROPERTIES OF THE SERA OF ACnVELY 
IMMUNISED ANIMALS (ANTIBODIES) 

The fundamental fact in passive immunity, namely, that immunity can 
be transferred by injecting the serum from an actively immunised animal 
into a susceptible one, shows that the serum in question differs from the 
serum of a normal animal in containing-antagonistic substances to the 
bacterium or toxin as the case may be—these being generally spoken of as 
antibodies. There is considerable indi\'idual variation in capacity .to pro- 
duce antibodies ; young animals tend to react weakly. The development of 
these antibodies, first observed in the case of toxins, is found to occur when a 
great many different substances are introduced into the tissues of the living 
body In fact, organic compounds can be divided into two classes, namely, 
those which give rise to the production of antibodies, and are thus known as 
antigens, and those which do not possess Ihis property. It will be seen that 
antibodies combine ivith the corresponding antigens ; as a result certain 
effects follow, which may be manifested either in the living animal or in vitro. 

Antigens. Among the antigens originally studied are various toxins, 
tissue cells, bacteria, red corpuscles, soluble tissue constituents of animal or 
v’egetable origin, etc. They are complex organic products and all probably 
rontam a protein constituent, though their true composition is not known, 
and none of them has been obtained in a pure condition. Proteins in process 
of hydrolysis rapidly lose their antigenic function, amino-acids and probably 
also peptones being dev’oid of the property ; the same is true of proteins 
racemised by treatment with alkali. All native proteins, however, are not 
equally potent as antigens ; denaturation by heat tends to impair the anti- 
genic property , an antiserum to the denaturated protein reacts with the 
latter, producing precipitation, but scarcely precipitates the native protein. 
Among the substances which do not act as antigens are the various poisons 
of known constitution, glycosides, alkaloids, etc., by themselves.’ It may be 
stated generally that substances of non-protein nature seldom act as antigens. 
However, more recent investigations on constituents extracted from natural 
antigen« has shown that various lipoids and polysaccharides of high molecular 
weight and especially complexes of such compounds, can act as antigens. 
Again, some substances of those classes, although lacking the capacity to 
develop antibodies tn vivo, may be capable of combining in vitro with anti- 
bodies developed by the complex antigens from which the>' were obtained. 
Such reactive components are termed haptens (p. 80) Haptens may be 
converted into true antigens by mjecting them into an animal as a mixture 
with a foreign protein The physical state of an antigen can affect its 
capacity to evoke antibodies , thus adsorption on particles of collodion, 
kaolin, etc , precipitation with alum, or even addition of dead bacteria maj' 
enhance antigenic power. In this way apparently bacteria coated with agar 
may on injection develop antibodies to the latter substance as well- as to 
the bacterial antigens proper. On the other hand, when several antigens 
reach the tissues simultaneously, one may suppress the antibody response to 
another (‘competition of antigens’). 

The antibody forms a chemical or phj’sical union with the particular 
antigen which has led to its development, and the evidence for this will be 
discussed later. Furthermore, the antibody has apparently a specific com- 
bining group which, as it were, fits a group in the corresponding antigen m a 
manner comparable to that of a lock and key. It is, however, to be noted 
that this specificity is chemical or physico-chemical rather than biologica . 
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For example, an antiserum developed by the injection of bacterium A may 
also have some effect on a related, bacterium B, and thus appear not to be 
specific. Howver, it can be shown that the antigens in bacterium A are not 
all identical (the^’ aresometimes referred to as a ‘ mosaic ’), and that some of 
them are present, though in smaller proportion, in bactenum B , thus the 
theory of combining specificity is not invahdated. It is noteworthy in this 
connection that spores are antigenically distinct from the vegetative forms 
of the homologous bacilli. The numbCT of different antibodies, as judged 
by their combining properties, would appear to be almost unlimited, a fact 
which illustrates in a striking way the complexity of the structure of living 
matter 

Specificity The investigation of the properties of animal proteins as 
antigens has shown that in general antibodies are developed only when the 
material is injected into an animal of another species, t e. the character of 
foreignness is essential. Also, the proteins of, say, the serum of one animal 
species can be sho^vn to differ from those of other species by the antibodies 
which they evoke But certain proteins may lack this species specificitv, 
e.g. of the lens of the eye ; in addition, the study of human blood groups and 
experimental work with animals’ blood have demonstrated that the red blood 
corpuscles of all individuals of the same species are not identical antigenically. 
Further, specific differences have been found in the antigens of different 
organs of the same indindual With some species of bacteria a number of 

5 

i 

Pick and of Landsteiner on modification of the antigenic function of protein 
by chemical means is of great importance. This has been effected by intro- 
ducing new groups such as iodine, azo- and mtro-radicals, by acetylation or 
methylation of proteins, also treatment mth mustard gas, phenyl isocyanate, 
etc Such modified proteins act as specific antigens and each tends to give 
rise to a corresponding antibody even in the animal from which the protein 
was originally derived For example. Landsteiner and Jablons found that 
rabbits injected with acetylated horse serum develop antibodies which react 
specifically with acetylated serum-protein from various other animals (hen, 
rabbit) in addition to the horse, but not Avith normal horse’s serum or with 
diazo- or nitro-serum protein Rabbits also produce an antiserum to acety- 
lated rabbit serum. The serum has thus been deprived of its original species 
specificity and a new specificity has been acquired, which may be called 
structure specificity Again, with antigens consisting of protein chemically 
coupled with various diazotised aromatic organic compounds, it was found 
that an antiserum developed in the rabbit by arsanilic acid azo-horse serum 
protein reacted tn vitro with chicken serum or cgg-albumm compounds con- 
taining the arsenical group, but not with similar compounds containing other 
acid groups Thus it was pro% ed that the arsanilic acid, although a compara- 
tively simple substance, had conferred specificity on the antigen Therefore 
structure specificity depends on the chemical constitution of the ' deter- 
minant group’ or compound which has been combined with the serum 
proteins This specificity is so delicate that an antiserum to a compound of 
l-tartanc acid w’lth protein shows httle or no reaction with the corresponding 
antigen derived from d-tartaric acid (Landsteiner and van der Scheer) 
Similarly the a and p forms of glucose can be distinguished (Avery et at ) 
Such results have an important beanng on views regarding the mode of 
formation of antibodies under the influence of antigens, as will be discussed 
later 
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ANTIGENS AND THE PROPERTIES OP THE SERA OF ACTIVELY 
IMMUNISED ANIMALS (ANTIBODIES) 

The fundamental fact m passive immunity, namely, that immunity can 
be transferred by injecting the scrum from an actively immunised animal 
into a susceptible one, shows that the scrum in question differs from the 
serum of a normal animal in containing- xantagonistic substances to the 
bacterium or toxin as the case may be — these being generally spoken of as 
antibodies. There is considerable individual variation in capacity .to pro- 
duce antibodies ; young animals tend to react weakly. The development of 
these antibodies, first observed in (he case of toxins^ is found to occur when a 
great many different substances arc introduced into the tissues of the living 
body In fact, organic comjxiunds can be divided into two classes, namely, 
those which give rise to the production of antibodies, and are thus known as 
antigens, and those which do not possess this property. It will be seen that 
antibodies combine uith the corresponding antigens ; as a result certain 
effects follow, which may be manifested either in the living animal or in vitro. 

Antigens. Among the antigens originally studied arc various toxins, 
tissue cells, bacteria, red corpuscles, soluble tissue constituents of animal or 
vegetable origin, etc. Thej' arc complex organic products and all probably 
contain a protein constituent, though their true composition is not known, 
and none of them has been obtained in a pure condition. Proteins in process 
of hydrolysis rapidly lose their antigenic function, amino-acids and probably 
also peptones being devoid of the property ; the same is true of proteins 
racemised by treatment with alkali. All nativ’C proteins, howev'cr, arc not 
equallv potent as antigens , denaturation by heat tends to impair the anti- 
genic property , an antiserum to the dcnalurated protein reacts with the 
latter, producing precipitation, but scarcely precipitates the native protein. 
Among the substances which do not act ns antigens arc the various poisons 
of known constitution, glycosides, alkaloids, etc., by themselves. It may be 
stated generally that substances of non-protein nature seldom act as antigens 
However, more recent investigations on constituents extracted from natural 
antigen® has shown that various lipoids and polysaccharides of high molecular 
weight and especially complexes of such compounds, can act as antigens. 
Again, some substances of those classes, although lacking the capacity to 
develop antibodies »« I'jt’o. may be capable of combining in vitro with anti- 
bodies developed by the complex antigens from which thej' were obtained. 
Such reactive components are termed haptens (p. 80). Haptens may be 
converted into true antigens by injecting them into an animal as a mixture 
with a foreign protein The physical state of an antigen can affect its 
capacity to evoke antibodies , thus adsorption on particles of collodion, 
kaolin, etc , precipitation mth alum, or even addition of dead bacteria may 
enhance antigenic power In this w'ay apparently bacteria coated vrith agar 
may on injection develop antibodies to the latter substance as well ^ to 
the bacterial antigens proper. On the other hand, when sev’eral antigens 
reach the tissues simultaneously, one may suppress the antibody response to 
another (‘competition of antigens’). 

The antibody forms a chemical or phj'sical union with the particular 
antigen which has led to its development, and the evidence for this mil be 
discussed later. Furthermore, the antibody has apparently a specific com- 
bining group which, as it were, fits a group in the corresponding antigen in a 
manner comparable to that of a lock and ke}'. It is, how-ever, to be notea 
that this specificity is chemical or phpico-chemical rather than biologic . 
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For example, an antiserum developed by the injection of bactenum A may 
also have ^me effect on a related bacterium B, and thus appear not to be 
specific How’eVer, it can be shown that the antigens in bactenum A are not 
all identical (they aresometimes referred to as a ‘ mosaic '), and that some of 
them are present, though in smaller proportion, in bactenum B , thus the 
theory of combining specificity is not invalidated It is noteworthy m this 
connection that spores are antigenically distinct from the vegetative forms 
of the homologous bacilli. The number of different antibodies, as judged 
by their combining properties, would appear to be almost unlimited, a fact 
which illustrates in a striking way the complexity of the structure of living 
matter. 

Specificity. The investigation of the properties of animal proteins as 
antigens has shown that in general antibodies are developed only when the 
material is injected into an animal of another species, t e. the character of 
foreignness is essential. Also, the proteins of, say, the serum of one animal 
species can be shown to differ from those of other species by the antibodies 
which the}’ evoke But certam proteins may lack this species specificity, 
e.g. of the lens of the eye ; in addition, the study of human blood groups and 
experimental work with animals' blood have demonstrated that the red blood 
corpuscles of all individuals of the same species are not identical antigenically. 
Further, specific differences have been found in the antigens of different 
organs of the same individual With some species of bactena a number of 


Pick and of Landstemer on modification of the antigenic function of protein 
by chemical means is of great importance. This has been effected by intro- 
ducing new groups such as iodine, azo- and nitro-radicals, by acetylation or 
methylation of proteins, also treatment with mustard gas, phenyl isocyanate, 
etc Such modified proteins act as specific antigens and each tends to give 
nse to a corresponding antibody even in the animal from which the protein 
was originally derived For example, Landstemer and Jablons found that 
rabbits injected with acetylated horse serum develop antibodies which react 
specifically wth acetylated serum-protein from various other animals (hen, 
rabbit) m addition to the horse, but not with normal horse's serum or with 
diazo- or nitro-serum protein Rabbits also produce an antiserum to acety- 
lated rabbit serum The serum has thus been depnved of its original species 
specificity and a new specificity has been acquired, which may be called 
structure spectftetty Again, with antigens consisting of protein chemically 
coupled with various diazotised aromatic organic compounds, it was found 
that an antiserum developed m the rabbit by arsanilic acid azo-horse serum 
protein reacted tn vitro with chicken scrum or egg-albumin compounds con- 
taininf 
acid gi 
tively 

structure specificity depends on the chemical constitution of the ' deter- 
minant group ’ or compound which has been combined with the serum 


Similarly the a and ft forms of glucose can be distinguished (Averj’ et al ) 
Such results have an important bearing on views regarding the mode of 
formation of antibodies under the influence of antigens, as wall be discussed 
later 
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Haptens. The specific relations of antibodies to antigens can be shown 
by certain reactions in vitro {vide infra). As has been stated already, the term 
antigen should be restricted to a substance which leads to the development 
of an antibody ; there are, however, substances which do not possess the 
antigenic function, but which may still give specific reactions in vitro. Such 
substances are usually known by the name of haptens, given to them by 
Landsteiner. He showed that in the case of antisera developed against pro- 
teins combined with various substances of known constitution (e.g. organic 
amines, acids, etc.), such substances might display a specific combination 
with the antibodies developed against the protein-complexes, though when 
introduced into the body the non-protein substances did not by themselves 
act as antigens Again, in the case of the Forssman hiemolytic antibodies 
(p. 97) it was found that the lipoidal fraction of the antigen reacted with the 
corresponding antibody in vtlro, although on injection into animals it did not 
lead to the development of antibody. Another example of non-protein 
haptens is given by the group of bacterial polysaccharides or specific soluble 
substances to which certain antibody reactions are due. Research on this 
subject, dating from the work of Dochez and Avery (1917) on the pneumo- 
coccus, has shown that such carbohydrate compounds are present in various 
other bacteria, and that it is to them that the specific characters of antisera 
to different species or types within a species are due. Thus the reactions by 
which different types of pneumococa are distinguished have been shoum to 
be due to combinations of such polysaccharides with bacterial protein acting 
as antigens, while antibodies to the pneumococcus as a species are developed 
by its protein antigen alone. The compound of polysaccharide and protein 
resides especially in the capsules of the bacteria, and as capsule formation is 
often associated with virulence, nrulent strains are specially effective in 
leading to the development of type-specific antibodies. By injecting into 
rabbits an artificial antigen consisting of a chemically defined compound, 
the ammo-benzyl glycoside of cellobiuronic acid, diazotised and coupled with 
the globulin of normal horse serum, an antibody has been obtained which vt 
vitro causes capsule-swelling and agglutination of type III pneumococcus, and 
precipitation with the capsular polysaccharide ; this antibody also protects 
mice against infection with virulent pneumococci of types II, III, and VIII. 
Further, a chicken serum cellobiuronic acid antigen fields precipitate with 
antiserum developed in horses or rabbits by the above types. A similar 
artificial antigen containing glycuronic acid, an isomer of cellobiuronic acid, 
develops an antiserum which protects mice against virulent type II pneumo- 
cocci, but not against types III or VIII. Thus clearly there is overlapping 
between the antigenic properties of these polysaccharides and those occur- 
ring naturally in the capsules of the several pneumococcus types. Accord- 
ingly, certain substances — carbohydrates, lipoids, organic acids, etc. (all 
non-antigenic m themselves) — when combing with protein confer on the 
latter a specific antigenic property, and may by themselves give a specific 
reaction with the corresponding antibody vitro. On the other hand, protein 
IS as a rule essential for evoking the antigenic function. 

Non-protetn antigens. Until recently it was believed that the bacterial 
polysaccharides were quite devoid of antigenic action, but Heidelberger and 
Goebel have found that if the specific soluble substance of tj'pe I pneumo- 
coccus is extracted from the organisms by measures which avoid treatment 
with alkali, some degree of antigenic property is retained. The action ot 
alkali on this substance, however, causes the splitting off of an acetyl group 
and leads to a product which is non-antigenic, although possessing hapten 
properties. Gram-negative bacilli of the salmonella group, eg. B. aertrycke, 
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in their smooth form yield a complex antigenic substance which contains 
polysaccharides along with lipoids (compounds of acetic acid, fatty acids, and 
phosphoric acid). There are several methods for obtaining the antigen from 
the organisms— extraction with N/4 trichloracetic acid in the cold (Bovin et 
al .) ; digestion of acetone-killed organisms with trypsin and precipitation from 
the soluble portion with alcohol— 50 to 68 per cent, by weight— (Raistrick 

and Topley) ; or extraction ‘ --- -• ' 

antigens are large molecules 
tions and on injection into i 

(granular) agglutination of the homologous organisms Also antisera protect 
mice against infection with the \'inilent culture The substances are toxic 
and this property is neutralised by the antisera, although not powerfully , 
hence Bovin considers that the polysacchande-lipoid complex as well as being 
the somatic antigen, also represents the chief part of the endotoxin of the 
organisms ; rough forms usually lack it B typhosus possesses a cor- 
responding antigen ; and the Vi antigen is of similar nature, although 
differing in chemical constitution and in being precipitated by uranium salts. 
The separated polysacchande-hpoid antigens m neutral solution resist heating 
to 100° C. ; in weak acid solution they are split up A number of other 
Gram-negative organisms possess such antigens, e.g Shiga’s andFlexner's 
dysentery bacilli, the cholera vibrio, the Bacillus protens, meningococcus, 


glycol contains as an essential constituent a poIypeptide-Iike substance, t 
ACTION OP ANTIBODIES 

When antibodies react t>t vtvo or tn vitro with the corresponding antigens 
(or haptens), it is found that (u) in certain cases simple combination may 
occur (e g. antitoxic action), (i) in other cases physical effects may be associa- 
ted with combination (eg agglutination or precipitation) and (c) m a third 
group of cases the antibody may lead to the union of another body normally 
present in serum, called complement or alexin In this third group the 
combination of complement may or may not result in physical change 
in the antigen, the eudence of the latter occurrence being elicited by the 
complement-fixation reaction. Antibodies ol the third class are known 
as immune-bodies or amboceptors (Ehrlich) or sensitising substances — 
substances sensibiltsatrtces of French wTiters. 

Such arc the three classes of antibodies usually recognised, but while the 
classification is convenient they must not be regarded as necessarily distinct 
For instance the combination of toxin and antitoxin may be attended by a 
physical change, namely, flocculation, and it is also known that the antibody 
which acts as a precipitin is closely related to, if not identical with, the 
antibody which leads to the fixation of complement It must be added, 
however, that the nature of the antigen, as well as the route by which it is 
injected (subcutaneous, intravenous, etc ). are important factors in determin- 
ing the characters of the antibody' formed (Treffers et al ) 

As has been seen, the development of immunity is commonly associated 
with the appearance of antibodies m the blood In the case, especially, of 
non-poisonous antigens, eg certain killed bactena or foreign blood cells, 
which are effective when a single dose is mjected. the cur\e of antibody pro- 
duction can be studied by withdray'ing specimens of blood at intervals and 
6 
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examining the serum. It is found that after several days antibodies begin 
to appear and they increase almost critically after five to seven days and 
reach their height about ten days after the injection. Thereafter they gradu- 
ally decline, but can be still further increased by a subsequent larger dose. 
When the stimulus of fresh doses of antigen ceases, the production of anti- 
bodies finally comes to an end. But animals which have been immunised for 
a long time and have responded by a high production of antibodies, e.g. 
antitoxins, may continue to form these almost indefinitely when immunisa- 
tion ceases (Barr and Glenny). It is to be noted, however, that the presence 
of antibodies in the blood is not essential to immunity, since after they have 
disappeared from the blood the animal may still possess immunity. There 
is thus some change effected in the cells of the body which results in protec- 
tion, but Its nature is not fully known It has been found, however, that an 
immunised animal wthout antibodies in the blood reacts in a different way 
from the normal animal, inasmuch as antibodies are formed more rapidly 
and more abundantly on reintroduction of the antigen. But whether this 
altered power of antibody production is the full' explanation of the im- 
munity, is still doubtful. It is certain that in some cases the immunity resides 
locally in the tissues, eg. in the skin when immunity to erysipelas has been 
established 

As met with in untreated specimens of antisera, antibodies are damaged 
or destroyed by agencies which denaturate proteins. Thus alcohol at room- 
temperature is highly destructive, but much less so below 0* C While they 
may resist heating at 55® to 65® C for several hours, higher temperatures are 
rapidly destructive , also, when antisera are kept at 16® to 37® C. for long 
periods antibodies gradually disappear It has been found recently by 
Kleczkowski that in the process of heating antisera (from rabbits) short of 
destruction of antibodies by denaturation, other changes occur. Comple.xes 
are formed by the antibodies with non-specific protein constituents. Such 
complexes may combine with the corresponding antigen, but fail to bring 
about the usual reaction, eg agglutination or precipitation. The degree of 
interference depends on the particular antigen Thus it vs large svith the 
somatic antigen of bacteria but small with the flagellar. On the other hand, 
desiccation or freezing preserves antibodies practically indefinitely The 
gradual deterioration of antibodies when sera ace stored under ordinary con- 
ditions is of practical importance in connection with their therapeutic use. 
The theoretical aspects will be taken up again later after considering the 
actual properties of antitoxic and of antibacterial sera- 

(1) ANTITOXIC ACTION 

A distinction has been draum between e.xo- and endo-toxins (p 63) _ 
With regard to these the general statement may be made that while anti- 
to.xins are, as a rule, comparatively easily obtained to e.xoto.vins, this is not 
the case for endotoxins It is an important fact that by the injection of dead 
cultures an active antibacterial serum can frequently be developed which, 
how ever, has no neutralising action on the endotoxins, and we must conclude 
that many endotoxins are not antitoxinogenic fp 04) The best examples 
of antitoxic sera are those to the toxins of diphtheria, tetanus, and botulism, 
as \\ ell as to ncin and abrin, and to snake poisons Here diphtheria antitoxin 
will be referred to chiefly, but the principles and methods described apply to 
antitoxins generally, although some modifications are required in the case of 
other -ftntitoxms, e.g for the estimation of the immunity unit, the species 
animal used, etc. The steps in the preparation of antito.xin are the following • 
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first, the preparation of a powerful toxin ; second, the estimation of the 
power of the toxin ; third, the development of antitoxin in the blood of a 
suitable animal by gradually increasing doses of the toxin , fourth, the 
estimation from time to time of the antitoxic power of the serum of the 
animal thus treated. For therapeutic use antitoxic serum of high potency is 
required In order to secure this, two methods are followed • (I) the process 
of immunisation is pushed, and (2) the antiserum is treated so as to separate 
those protein fractions which possess antitoxic action and obtain them in 
concentrated solution. 

I. Preparation of the toxin The organisms are grown in a suitable fluid 
medium and when the maximum degree of toxicity has been reached the 
bacillar}' bodies are removed The term ' to.xin * is usually applied for con- 
venience to the bacterium-free product The general properties of toxins 
have been dealt with already ; the mode of preparation and the conditions 
affecting the development of diphtheria and tetanus to.vms are described later. 

2 Estimation of the toxin The power of the toxin is estimated by the 
subcutaneous injection of varying amounts in a number of guinea-pigs, and 
the minimum dose which will produce death is thus obtained. This, of 
course, varies m proportion to the weight of the animal, and is expressed 
accordingly. In the case of diphtheria toxin, in Ehrlich's standard, the 
minimum lethal dose — known as M L D — ts the smallest amount which will 
cause death in a guinea-pig of 250 (230 to 280) gnus, within five days. This 
direct method of testing a to.xin is a tedious process, because the toxicity 
diminishes with time. Accordingly it is found more convenient to test toxins 
by finding how much will be neutralised by a certain amount of a standard 
antitoxic serum, namely, an ' immunity unit ' (p 81). 

3. Development of antitoxin. At first small animals, such as guinea-pigs, 
were used for experiments on the development of diphtheria and tetanus 
antitoxins, afterwards sheep and goats, and finally horses were employed as 
a source of therapeutic antisera. In the case of small animals it was found 
advisable to use in the first stages of the process either a weak toxin or a 
powerful to.xin modified by certain methods Such methods are the addition 
to the toxin of trichloride of iodine (Behring and Kitasato) or Gram’s iodine 
solution (Roux and Vaillard). and the plan adopted by Vaillard in the case of 
tetanus, of using a senes of toxins weakened to varying degrees by exposure to 
different temperatures, namely, 00", 55", and 50" C. In recent years formalin 
(0*3 to 0-4 per cent ) has been used by Ramon. Glenny and others, in the early 
stages of immunisation By leading to the formation of toxoid (p C9) — 
called by Ramon ‘ anatoxin ' — it diminishes the toxicity of the toxin without 
appreciably affecting its antigenic property The nature of the change 
undergone b}’ toxin in conversion to toxoid is still obscure, however In the 
case of large animals immunisation is sometimes started ivith small doses of 
unaltered toxin , and the doses are gradually increased It has long been 
recognised that horses vary greatly in their resistance to dipfithena toxin, 
and also that some of them have a certain amount ot antitoxin m their blood 
under natural conditions Glenny has found that such animals produce 
antitoxin rapidly, whilst those with no natural immunity do not respond 
readily to immunisation The production of diphthena antitoxin occurs most 
satisfactonly when the to.xin is injected subcutaneously or intramuscularly . 
when the intravenous route is used in the later stages antitoxin formation is 
deficient or may be almost ml (Dean) TTie antitoxin content of the serum 
is estimated from time to time, the object of immunisation being, of course, 
to raise it to as high a level as possible It is found that each injection pro- 
duces at first a certain amount of fall in the antitoxin value — the so-cnlled 
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‘ negative phase ' — which is only in part due to the neutralising action of the 
toxin injected ; and this, in favourable cases, is followed by a rise to a higher 
level than before. (Similar phenomena are observed in the development of all 
other classes of antibodies.) In all cases of immunising, the general health 
of the animal ought not to suffer. If the process is pushed too rapidly the 
antitoxic power of the serum may dimmish instead of increasing, and^ con- 
dition of marasmus may set in and may even lead to the death of the animal. 
The response to the first injection of toxin is slight and occurs slowly ; but 
if a considerable interval is allowed to elapse and then a second dose is given, 
antitoxin is formed more rapidly and in greater amount than would have 
occurred had the same dose been given to a normal animal As Glenny and 
his co-workers have expressed it, this ‘secondary stimulus ’ in an animal 
which has already developed basal immunity is much more effective than 
the ■ primary stimulus ' ; advantage is taken of this fact in spacing the 
injections of toxin (or toxoid) so as to obtain the best immunity response. 
Also, as found by Barr and Glenny, the secondary response may be followed 
several months later by a further ‘delayed response ', although there has 
been no additional injection of antigen in the interval. The degree of the 
response depends too on a variety of other factors which have not been 
completely defined. Non-specific factors such as the addition to the toxin 
of substances which delay its absorption, e.g. tapioca, alum, or lanoline may 
intensify the response On the other hand, constituents of the medium in 
which the toxin has developed may interfere with the immunity response. 
After a sufficiently high degreeof antitoxicpowerhasbeen reached, the animal 
IS bled under aseptic precautions, and the serum is allowed to separate in the 
usual manner. It is then ready for use, but some antiseptic, su'ch as 0-6 per 
cent tncresol, is usually added as a preservative. Other antitoxic sera are 
prepared in a corresponding manner. Further facts about antidiphtheria 
and antitetanus serum are given under the respective organisms. 

4. EstmatiHg the antitoxic power of the serum. This is done by testing 
the effect of various quantities of the serum of the immunised animal against 
a certain amount of toxin. Various standards have been tried, of which 
Ehrlich’s is that now chiefly used, Ehrlich adopted originally as the immunity 
unit the amount of antitoxic serum which neutralised 100 times the minimum 
lethal dose of a particular specimen of toxin — serum and toxin being mixed 
together, diluted up to 4 c c., and, after standing for a short time, injected 
subcutaneously into a guinea-pig of 250 grms. weight ; the prevention of 
the death of the animal, together with absence of symptoms or of oedema at 
the site of injection was taken as the indication of neutralisation. Howeve^ 
this evidence of complete neutralisation of toxin by antitoxin was found 
difficult to assess in practice. Accordingly, the amount of toxin in the 
mixtures was subsequently increased, the smallest quantity being used 
which when mixed \vith one immunity unit of serum and injected into a 
guinea-pig as above described, will cause death in five days This 
of toxin IS referred to as the L+ dose. Since the preservation of a standard 
specimen of toxin was impracticable, Ehrlich employed as a standard in 
testing, serum of known antitoxic power which was dried and preserved in a 
vacuum in a cool place, and in the absence of light. With such a standard 
test-serum any newly prepared serum can readily be compared. An antito.xic 
serum of which 0*005 c.c. was equivalent to one immunity unit would possess 
200 immunity units per c c. Sera have been obtained of which 1 c.c. has t e 
value of 2,000 units or even more. Within wide limits the principle of constan 
proportions has been found to hold, thus if the amount of antitoxin is 
ascertained which neutralises 100 minimum lethal doses of a given toxin, 
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then ten times as much of the same antitoxin will be required in order to 
neutralise 1,000 lethal doses of this toxin. 

Standardising antitoxin. In order to determine the antitoxic power of a 
new specimen of antiserum, the following procedure is carried out In the 
first place, it is necessary to ascertain the L+ dose of the given toxin, i e the 
smallest amount which, when mixed with the immunity unit of the standard 
antiserum and injected into a guinea-pig, as above described, will cause 
death in five days Then this L+ dose of toxin is mixed with varying amounts 
of the new specimen of antitoxin, and the mixtures are injected into a senes 
of guinea-pigs ; the largest amount of the serum present in those mixtures 
which lead to death in five days is equivalent to one immunity unit. 

Intracutaneous method Economy in animals and rapidity in obtaining 
results are effected by this method (Rdmer), since one guinea-pig may be 
injected with a number of mixtures and the results are obtained in two days 
The amount of toxin employed in this case is 1^/500, the least amount which 
when mixed with 1/500 immunity unit of antitoxin and injected in an amount 
of 0-2 c.c. intracutaneously causes a minimal skin reaction , this is called the 
L,/500 dose (Glenny and Allan). Other test doses, e g L,, Lf/100, are estimated 
similarly. 

Flocculation An interesting physical change resulting from the union 
of toxin and antitoxin is the flocculation which was studied by Ramon in the 
case of diphtheria toxin. He found that when graded doses of antitoxic serum 
are added to a unit volume of a powerful toxin (both in the undiluted state), 
flocculation occurs in some of the tubes The tube in which this first appears 
IS commonly the one in which neutralisation is complete, as tested by injec- 
tion into a guinea-pig. The amount of toxin in c.c. present in this mixture 
relative to one immunity unit of antito.xm (as defined above) is called the Lj 
dose of toxin (Glenny et al.) Flocculation occurs at room temperature, more 
rapidly at higher temperatures ; but m estimating its first appearance it is 
preferable to work at the temperature of the laboratory The phenomenon 
has come to be of service in standardising diphtheria antitoxin, as it supplies 
a method much more rapid and more easily carried out than any previously 
in use. But it is necessary to use the animal test in standardising sera for 
therapeutic purposes, since there may be discrepancies between the latter 
and the'flocculation reaction , for instance the L, mixture may sometimes 
contain excess of toxin when tested by injection into the gmnea-pig The 
rate at which flocculation occurs (Kj) vanes with different specimens of 
antitoxin, and it has been suggested by Madsen and Schmidt that sera which 
flocculate toxin rapidly have a greater ‘ avidity t e. firmness of combination, 
than those which act more slowly, and that they will therefore be likely to 
have a higher curative power. Further investigation of this very important 
point by Glenny and Barr has indicated that different antitoxin preparations 
may vary markedly in avidity This is shown by comparing the action of 
concentrated and dilute mixtures of the same toxin and antitoxin when a 
fixed volume (0-2 c.c ) is injected intracutaneously into a gumea-pig In the 
case of an antitoxin with weak avidity much more is required to neutralise 
one Lj dose of toxin when the mixture is dilute (200 c c.) than when it is 
concentrated (2 c.c ), whereas when the avidity is high there is no such dis- 
crepancy. The avidity as measured in this way. however, does not necessarily 
run parallel with the rate of flocculation m the Ramon test. It should be 
noted further, that neither the L, nor the K, ralue necessanly gives a true 
indication of the antigenic power tn vtvo of a specimen of to.xoid. 

Sera of anxmah immunised utth legetable and ammal poisons. It was found by 
Ehrlich in the case of the vegetable toxins, ncia. and abnn, and also by Calmette and 



86 


IMMUNITY 


Fraser in the case of the snake poisons, that the serum of animals immunised against 
these respective substances had a protertive effect when injected along ivith them into 
other animals Ehrlich found, for example, that the serum of a mouse which had been 
highly immunised against ncin by feeding as described above, could protect another 
mouse against forty times the fata) dose of that substance He considered that in the 
case of the two poisons, antagonistic substances — 'antincin' and 'antiabnn' — were 

. . . A corresponding antagonistic 

*5 in the blood of animals in the 

vegetable and am'mal poisons, 
both as regards their local action and the general toxic phenomena produced by them, 
present, as we have seen, an analogy to various toxins of bacteria. 

Nature oi Antitoxic Action. This subject is only part of the general 
question concerning the relation of anti^dies to their corresponding anti- 
gens, but it IS with regard to antitoxic action that most of the work has been 
^one. There is now no doubt that the antagonism between toxin and anti- 


of it. 

Dxrecl coj«6inflfion. The evidence for this is of several kinds. In cases 
(Vdlfire the to.vin has some definite physical effect, demonstrable i« viiro, e.g. 

agglutination, coagulation, or the prevention of coagulation, its action 
^f)j\vbe annulled by the anlllo.vin; in such circumstances manifestly no 
jiia^ological action of antitoxin through the medium of the cells of the body 
Pfinifonie into play. The flocculation resulting from the interaction of toxin 
i^-^h/antitoxin and the demonstration that the floccules contain both con- 
is another clear indication of combination. WTien to,xin and anti- 


is complete . neutralisation takes place more rapidly in concen- 
t 5 ^^§olutions than in weak ; and it is hastened by warmth and retarded 
Martin and Cheny' showed that diphtheria toxin molecules uill 
pj^li-ftferough a colloid membrane (p. CO), whilst those of the correspond- 
yjgj^titpxin will not Now if a mixture of equivalent parts of to.xin and 
antfffiiWiJs prepared and is allowed to stand before filtration no'to.vin ts 
gkjthe filtrate. Morgenroth has shown that in the case of diphtheria 
tOxiRafitt^, antito.xin the time necessary for the union to be complete is 
— about twenty-four hours. Up to this time, mixtures of toxin 
artyJtftfttllA'xin when injected intravenously, show decreasing degrees of 
fording to the time they have been kept. On the other hand, 
yfhfiRdt^^iibcutaneous method of injection is used the time interval has- no 
he considered to be due to a catalytic action of the tissues 
?i^ates the union of the two substances. A striking phenomenon, 
S’histlvpQifftSjto the temporary' reversibility of the combination, was noted 
bHlI^hriggjip the case of diphtheria to.xm (later confirmed by Glenny and 
6|qdied by Madsen and by Otto and Sachs in the case of botulism 
fcP-'tibnsflWJflly, that when a certain amount of a mixture of to.xin and 
aati^PMB dWigx found to be neutral on injection, a fraction of this amount 
toxic phenomena or even < 

^aeb([ed)l§s§>Eiation of the toxin in the greater 

and Sachs found that whc ■ ' , m 

stand for .©f^pty-four hours, so that combination was complete, tne 
'j? longer occurred. Another experiment also proves the occur- 
action between toxin and antitoxin ; a neutral mixture ot 
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thermostable snake venom along \vith therraolabile antivemn becomes toxic 
if heated soon after mixing, but when the mixture is allowed to stand for a 
time and is then heated the toxicity does not return Accordingly, there is 
little doubt that there are vailing degrees of firmness in the union of an 
antigen and its antibody, and varying penods are necessary for the combina- 
tion to become complete. It is clear, howev'er, that in general complete 
combination is not necessarily associated with any destruction of either to.xin 
or antitoxin ; actually, the toxin is preserved from deterioration by such 
combination. Morgenroth found with old mixtures of diphtheria toxin and 
antitoxin that the combination could be broken down by dilute hydrochloric 
acid and the fwo constituents recovered — alkali acts similarly' , the union is 
thus reversible. Ramon et al succeeded in dissociating anatoxin by heating 
an aqueous solution of diphtheria anatoxin-antitoxin floccules at 82° C., 
which destroys only the antitoxin Similarly, by heating toxm-antitoxm 
floccules at 58“ to C0“ C. he destroyed the toxin, so that the antitoxin was 
recovered 

Nature of the combination Although there is agreement as to the direct 
combination of toxin and antitoxin, there is still much uncertainty as to the 
exact nature of this union There may be said to be three chief views — (a) 


phenomena correspond to the behaviour of two substances m weak chemical 
union : and (c) that of Bordet, who regards the combination as of physical 
nature, corresponding to a process of adsorption between colloids, and not 
occumng in any definite proportions 

To begin with, it is necessary to state the principal data concerning the 
quantitative relations according to which toxin and antitoxin react, since 
the controversy is based on their interpretation ; these are the partial 
saturation effect the Ehrlich phenomenon and the Danysz effect 

Effect of partial saturation of ioxtn by anltloxtn When to a given mul* 
tiple (e g 100) of the M L D of toxin there is added a varying fraction of 
the neutralising dose of antitoxin, say one. two, three, etc , tenths, and the 
toxicity of each mixture is teste<l on guinea-pigs, it is found in general that 
larger amounts of antitoxin cause relatively less reduction m toxicity than 
smaller amounts 

The Ehrlich phenomenon Using one immunity unit of diphtheria anti- 
toxin, Ehrlich determined with any specimen of crude toxin the largest 
amount of that toxin which could be neutralised completely, so that no 
symptoms resulted from an injection of the mixture This amount he called 
the Ltmes null dose, expressed as He then investigated the effect of 
adding to the immunity unit larger amounts of toxin and ascertained the 


to be the case, the difterence varying according to the particular specimen ot 
toxin examined, but being always considerably more, and often many tunes 
the M L D 

Danysz effect Danysz established the fact that the amount of toxin 
neutrahsable by a given amount of antitoxin is different according as the 
toxin is added m several moieties or all at once — in the latter case the amount 
of toxin neutrahsable is greater. 



88 


IMMUNITY 


It should be noted that there are tivo questions which may be indej>cndcnt 
of each other, namely, (1) docs the toxin in any particular case represent a 
single substance or several ; (2) what is the nature of the combination of any 
one constituent substance and its aiitiiKKiy — is it reversible or is it not ? 

Ehrlich explained his phenomenon as the result of the presence of toxoids fuVep, 159), 
1 e. toxm molecules in winch the toxophore group lias become more or less deRcncfated 
He distinguished three po'^sthle varieties ol such bodies according to the affinity of the 
haptophorc group, namely, prototoxoiU with mon.* p<iHcrful nlfinlty than the toxm 
molecule, syntoxoid with equal anintty and rfMtoxoid with lew |)owcrfiil affinity. Tlie 
presence of epitoxoiils would rnanifestly exj»l.iin the phenomenon. The L, do«e would 
represent toxin pha cpltoxoid molecules e.ich united to antitoxin molecules, and the 
presence of another .M I. U of toxin woulii not result in there tiring a free fatal dose, 
but in the excess of toxin taking the place of epitovoid. Several lethal doses would need 
to be added before the mixture M.as sufficient to produce a fiital result — that is, E,-!.* 
equals sexcra) M 1. D’s 

The mam contention of Madsen and .Vrrhenius |s that the toxin-antitoxin combina- 
tion IS not a finn one but rexersiWe, and conforms to the law of mass action. I'or 
example, m the case of a mixturo of amnioni.t and boric acid {i c. of a weak base and a 
weak acid) in solution, there is a constant relation bctxiien the amounts of e.ach of the 
substances in the free condition and the amounts in combination — the combination is 
rcx-crsibic. so that if some of the free ammonia were remoxrtl a cert.im amount of the 
combined ammonia would become dissociated to take its place; further, if to the 
mi.xture, in a state of equilibrium, more ammnni.i or more Ixiric acid were added, part 
would remain free while part would combine Accordingly, if toxin and antitoxin 
behaved in n similar manner, an explanation of the Ehrlich phenomenon would t>e 
• • . • . • , ’ formu- 

• • . • . . ‘ fitoxin 

verj' much ns a dye becomes attached to blotting-paper. He considers also that there 
IS no definite quantitative relationship m the combination of the molecules of the two 
substances, diflerent amounts of antitoxin Ixung spread over, as it were, and affecting in 
xar>’ing degree, all the molecules of a given amount of toxin Kcccnl work of Healey 
and rmfiehi, however, has not fully confirmwl llordet's view, lly use of the flocculation 
methotl they found that the amount of diphtlien.s toxin which combines with one unit 
of antitoxin {i e the proportion m the mixture which shows the most rapid flocculation) 


cally the nitrogen content of the tloccules and estimated the proportions due to antitoxin 
and toxin rcspcctivclv , they also examined the supernatant lluids for toxic or antitoxic 
action It was conclude'! that in neutral mixtures a fixed amount of antitoxin can unite 
with difierent amounts of toxin, the ratio of the latter varying fn*m 1 to 3 Thus there 
would appear to be a rone of e<{Uivalcncc or neutrality rather than a neutral point. 

Full evidence is not yet available on which to decide all the f>oints ^ The 
medium in which toxin and antito.vin react is a colloidal one and in all 
probability both substances arc colloids, hcncc it would be expected tlkit 
their reactions should exhibit such features as adsorption and flocculation, 
which are cliaractcristic of reactions bctvvecn colloids, as emphasised by 
Bordet. But there is no clear proof of complete absence of fixed combining 
proportions in the compounds which they form. The e.xistencc of to.xoids, 
postulated by Ehrlich, has been demonstrated, and it has been shomi that 
they are produced either spontaneously or under the influence of certain 
chemical reagents. Glcnny <ri al have found tliat antitoxin has a greater 
affinity for toxm than for toxoid and it is known that it may dissociate from 
either. However, the view that to.xoids merely represent toxins which have 
been deprived of their toxic properties while retaining their combining 
activity, can hardly be reconciled with the observation of Pons that, unlike 
tetanus toxin, the corresponding toxoid (anato.xin) lacks combining affinity 
for brain tissue in vtfro. The theory of Madsen and Arrhenius regarding the 
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mass action behaviour of toxin and antitoxin fails to account for the Danysz 
effect exhibited by mixtures which liave been allowed to stand for a consider- 
able time ; here it seems that toxoids must play a part, otherwise the final 
state of equilibrium would be the same irrespective of the manner in which 
the mixtures were prepared The specificity of the reaction between anti- 
toxin and toxin is their most distinguishing feature ; and although manj' 
adsorption reactions show definite speafiaty, this does not throw light on the 
biological process whereby toxin stimulates the development of antitoxin. 

In summary it may be said that direct combination of toxin with antitoxin 
does occur ; sometimes, probably often, the ‘ toxin ' contains different toxic 
derivatives (toxoids) ivith varying affinity ; and in certain instances the 
combination has been proved to be reversible, but to what extent this occurs 
generally remains to be determined In all cases the outstanding feature is 
the specific nature of the combination, and of this no satisfactory explanation 
can as yet be given. 


(2) ANTIBACTERIAL ACTION 

The procedures in the preparation of antibacterial sera correspond to 
those in the case of antitoxic sera, but living or, in the early stages, dead 
cultures are used instead of extracellular toxin In order to obtain a serum 
of high antibacterial power it may ultimately be necessary to use a very 
virulent culture m large doses , for this purpose a \nnilent culture is obtained 
from a case of the particular infection, and it is used for inoculation soon after 
isolation. Its virulence may be further increased by passage This method 
of obtaining a high degree of antibacterial immunity is specially applicable 
m the case of those organisms which invade the tissues and then multiply to 
a great extent, while the toxic effects which they produce are proportionately 
small in relation to the number of organisms present 

The important result is that the development by such means of a high 
degree of immunity is accompanied by the appearance in the blood of 
proteclive substances, which can be transferred to another animal The law 
enunciated by Behring regarding immunity against toxins thus holds good 
m the case of living organisms, as was first shown by Pfeiffer. The latter 
found, for example, that m the case of the cholera organism, so high a degree 
of immunity could be produced in the guinea-pig. that 0*002 c c. of its serum 
would protect a normal gumca-pjg against ten times the lethal dose ot the 
organisms, when injected along mth them. Here again is an example of the 
remarkable potency of the antibodies in an immune serum, which in this case 
lead to the destruction of the corresponding organisms The phenomenon 
of bactencidal action can also be demonstrated *k vUro The presence of 
antibodies in the blood in such actively immunised animals is, of course, a 
matter of fundamental importance But it must not be inferred that all the 
phenomena can be explained m this way For instance, an antiserum to the 
anthrax bacillus can be developed and by means of it passive immunity can 
be transferred to another animal , but the preventive property of the serum 


to note that every antigen contained m a given species of pathogenic bacteria 
does not necessarily produce antibodies which are effective in conducing to 
immunity against the harmful effects which follow infection of the host 
Accordingly, the quantitative estimation by i« vitro methods of antibodies 
in the blood of an immunised mdmdual, while affording endence that a 
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reaction to certain of the bacterial antigens has occurred, does not necessarily 
afford a measure of the immunity conferred. 

Anti -pneumococcal, anti - meningococcal, anti - streptococcal, anti- 
dysentery, anti-plague, anti-typhoid, anti-cholera sera, etc., have been 
prepared. In the case of certain organisms there are several distinct anti- 
genic types, e.g. the pneumococcus, meningococcus, streptococcus, dysentery 
bacillus, etc., and an antiserum to one type has httle action, if any, on the 
other types of the same species. 

Properties of Antibacterial Sera. W’e have here to consider the three 
main actions mentioned above, namel 3 ', {a) bactericidal and lysogenic or 
bactenolytic action, (6) opsonic action, and (c) agglutination and the closely 
allied precipitation. Of these the tv\'o first are those chiefly concerned udth 
the protective propertj’ of an antibacterial serum. These various properties 
are due to the presence of corresponding antibodies in the serum— immune- 
bodies, opsomns, agglutinins, etc. — but, as already’ stated, it is not to be 
assumed that these are separate and distinct substances ; they are in fact 
recognisable only by their effects. There is also (d) antiagressin action. 

(a) Bactericidal and Bacteriolytic Action. Pfeiffer found in the case of 
certain organisms, <■ g. s’irulent cholera vibrios, that if they’ were injected 
into the pentoneal cavity of a guinea-pig highly' immunised against them, 
they lost their motility almost immediately, gradually became granular, 
swollen, and then disappeared in the fluid — these changes constitute what is 
now generally known as ‘ Pfeiffer’s phenomenon ' or bacteriolj'sis, The 
phenomenon occurs also tn vitro with immune serum in the fresh state, but 
not after heating at 55® C. It was subsequently shown by Metchnikoff and by 
Bordet that bacteriolysis occurred outside the body on the addition of fresh 
peritoneal fluid or normal senim to hcat-inactivated (55“ C.) immune serum. 
It was also found that an antiserum healed even up to 70* C. for an hour 
produced the reaction when injected together with the corresponding 
organisms into the pentoneum of a normal animal. The outcome of these 
and subsequent researches was to show that when an animal is immunised 
against an organism, there appears in its serum an antibody, which is 
generally known as ttnmutte-body, amboceptor (Ehrlich), or substance sen- 
sibiUsatrice (Bordet) , it is comparatively stable, resisting usually a tempera- 
ture of over 55® C for an hour It cannot produce the destructive effect 
alone, but requires the addition of an unstable, thermolabile substance 
normally present in the plasma and serum, which bears various names — 
iomplemeiit (Ehrlich), alexin or cytase (French writers). Complement is 
not increased in amount during the process of immunisation. The comple- 
ment in acting on bactena plus immune-body is fixed, or used up, in definite 
quantities. 

The phenomenon of serum-bacteriolysis is well marked only in the case 
of certain organisms when an animal is highly immunised against them ; the 
typhoid and cholera group are outstanding examples. In other cases the 
bactericidal effect of serum may occur without lysis of the bacteria, though 
other structural changes may be produced. In still other instances, eg. the 
antisera to staphylococci, streptococci, plague bacilli, etc., a bactericidal 
effect may be wanting , nevertheless it may be shown that an immune-body 
is developed in the process of immunisation. This may be done by observing 
the increased amount of complement which is fixed through the medium of 
the antiserum (immune-body), sensitised red corpuscles being used as the 
test for the presence of free complement. The method is described on p. 94. 

The all-important action of the immune-body is thus to bring an increased 
amount of complement into union with bacteria ; whether death of the 
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bacteria will result or not will depend ultimately on flieir sensiti\-eness to the 
action of the particular complement. 

It is to be noted that in the case of a bactericidal serum there is an 
optimum amount of immune-body which gives the greatest bactericidal 
effect with a given amount of complement. If this amount of immune-body 
be exceeded, the bactericidal action becomes diminished and may be practi- 
cally annulled. This result, which is generally known as the ‘Neisser- 
Wechsberg phenomenon has been the subject of much controversy, and 
cannot yet be said to be satisfactorily explained , it is apparently of the 
nature of a * zone phenomenon ' (cf p, 1 10) (Regarding some theoretical 
considerations as to the therapeutic applications of antibacterial sera, vxde 
p. 119.) 

In certain instances a normal serum may possess bacteriolytic or bacten- 
cidal action on various bacteria, e g. V. cholera, S typhosus, B dysenterta, 
etc., and this may be shown to be due to natural immune-body acting along 
with complement. In other words, what is observed in the state of active 
immunity represents a further development of a condition normally present 
iytde Natural Immunity) 

Estmation of the baclerictdal action of serum. This may be carried out 
by various methods, of which the following are representative examples 

(a) Method of Seiutr and Weehsberg Asen«sofsma)I plugged sterile tubes is taken, 
and to each is added 0 5 c c of neutral diluent (0 85 per cent NaCl solution was used 


the contents of each agar tube are mixed and poured out into a sterile Petri plate The 
Petn plates are placed in the incubator for a suitable period (forty-eight hours) The 
, t ..I— — > (Gelatin can be substituted for the agar in 

■e amount of serum is ascertained ^\hicb is 

rours’ broth culture is used, and \anous 


prepared and treated in the same way The tubes are then placed in the incubator for 
eighteen to twenty-four hours at 37" C , and at the end of that time the contents of each 
are tested for stenlity by means of cultures In this way the greatest dilution in which 
~ ’ The number of bactena per c mm 

iilix). and thus the total number of 
be readily calculated 

■ . , • • • > -an be carried out rapidly and gives 

, of six or more tubes containing 0 1 or 

•nsion of varying density — it is con- 
venient to use decimal dilutions, eg J lUO. I 1,000, etc . of a standard suspension 
of a twenty-four-hours’ culture In making ^es« dilutions the pipet te should be changed 


lubes at 37“ C for four hours or longer anotner piaie is inocuiaicu in uie same way iiuin 

each tube After time has been permitted for growth to occur on the plates at 37’ C the 
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results are compared BaCtencidal action is shown by the occurrence on the second plate 
of only scanty colonies or no growth ia a series of concentrations higher than those 
yielding the same result on the original plate. The approximate degree of bactericidal 
action 15 determined by the difference between the end points of growth in the series of 
stroke cultures before and alter incubation. 

The bactericidal action of whole blood can be estimated by this method, dehbrinated 
or preferably hepannised blood being tested in place of serum (see Jliles and Jlisra). 
The mixtures must be shaken repeatedly during incubation to prevent sedimentation of 
the blood cells. If the incubation is prolonged some form of shaking machine is required 
which will agitate the tubes just sufficiently to maintain the blood in suspension (Todd). 
Other methods have been used by Wnght, and Jlobertson and Sia. 

(d) Method for an immune serum To analyse the bactericidal properties of the 
serum of an animal immunised against a particular oVganism, it should in the first 
place be heated at sa® C in order to destroy the normal complement. Then to each of a 
senes of stenle tubes containing diluent, so as to maintain a constant final volume, we 
add (fl) a quantity of normal unheated serum insufficient of itself to destroy the bactena, 
to act as complement. (6) a given amount of the bacterial culture, and (c) varj’ing 
amounts of the heated immune serum — O'l, 0 01, 0 001, etc., c c. The mixtures are then 
incubated and a fixed amount of each is plated, as described for Xeisser and Wechsbcrg’s 
method In this way is found the quantity of the immune serum which, gives the 
maximum bactericidal action 

HiEMOLYTic Sera The phenomena of lysogenesi's are, however, not 
peculiar to the case of solution of bacteria by the fluids of the body, but hold 
also for other cellular elements (red corpuscles, leucocytes, etc.) when these 
are introduced into the tissues of an animal as in the process of immunisation. 
Of the cytolytic or cytotoxic sera so produced the hfcmolytic have been most 
fully studied, and, ouing to the delicacy of the reaction and the ease ivith 
which it can be observed, have been the means of throwng much light on 
the process of lysogenesis, and thus on one part of the subject of immunity. 
A short account of their properties may now be given. 

It has long been known that in some instances the blood serum of one 
animal has, in a certain degree, the power of dissolving the red corpuscles of 
another animal of different species ; in other instances, however, this prop- 
erty cannot be detected. Bordet showed that if an animal received repeated 
injections of the red corpuscles of a different species, the serum of the former 
acquired a marked h®molytic property towards the corpuscles of the latter, 
this being demonstrated when the serum was added to the corpuscles and 
the mixture kept for a time at 37° C. He found that the haemolytic property 
disappeared when the haemolytic serum was heated at 55° C. ; but (as inth 
a bacteriolytic serum) lytic action W’as regained on the subsequent addition 
of some fresh serum from a non-treated animal. Ehrlich and Morgenroth 
analysed the phenomena in question, and showed that the specially developed 
and heat-resisting substance, ' immune-body entered into combination 
mth the red corpuscles at a comparatively low temperature, namely, at 0° 
C. ; whereas complement did not combine at this temperature. In this way 
a method is supplied by which the immune-body can be remov'ed from a 
hasmolytic serum while the complement is left. They supposed that immune- 
body combined wth the complement, though the combination is not firm 
and only occurs at higher temperatures — best about 37® C. They therefore 
regarded the immune-body as a sort of connecting-link between the red 
corpuscle and the complement, hence the term ‘amboceptor’ afterivards 
applied to it by Ehrlich. It may be stated, ho^veve^, that the direct union of 
complement and immune-body has not been conclusively demonstrated 
Muir and Bro^vnmg. for example, found that when fresh serum is passed 
through a Berkefeld filter, complement is largely retained bj’’ the 
whereas immune-body passes though practically unchanged ; and that 
if a mixture of complement and immUne-body be made and filtered at a 
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temperature of 37° C , the amount of immune-body which passes through is 
not diminished, whereas it would be if it had muted with the retained comple- 
ment. Accordingly this method did not afford evidence of the direct union 
of immune-body and complement Bordet holds that the immune-body acts 
merely as a sensitising agent-r-hent e the, term substance sensibthsatnce — and 
allows the complement to unite f- It is qmte evident from his witings, how- 
ever, that he does not mean, as is often assumed, that the immune-body 
causes some lesion in the corpuscle which allows the complement to act, 
but simply that it produces in the molecules (receptors) of the red corpuscles 
an avidity for complement All that can be said definitely at present is that 
the combination antigen plus immune-body takes up complement in firm 
union, while neither does so alone Complement acts quantitatively , thus 
the smallest amount can be ascertained which will just suffice to cause lysis 
of a unit volume of suspension of red blood cells sensitised with immune- 
body ; this IS known as the ' minimum haemolytic dose ' (M.H D.) of the 
complement-containing serum. Even after the corpuscles are laked with 
water the receptors are nol V-* ’ ' : ’ ’ ! ‘I 

can still take up immune-b .■ . ' i’ i ■ ,i 

the intact corpuscles do. 1 • I i . ■ . 

the red corpuscles can take up much more immune-body than is necessary 
for their lysis, and Muir found m one case studied, that each further dose of 
immune-body led to the fixation of more complement, so that as many as 
ten times the hamolytic dose of complement might thus be used up It is a 
matter of considerable importance that the union of immune-body and red 
corpuscles can be shown to be reversible. As was found by Morgenroth and 
Muir independently, if corpuscles treated with several doses of immune-body 
and then repeatedly washed m salt solution, be mixed with some untreated 
corpuscles and allowed to remain for an hour, suffiaent immune-body will 
pass from the former to the latter, so that all become lysed on the addition 
of sufficient complement. Muir showed also that the union of immune-body 
with red corpuscles was not increased m firmness after twenty-four hours. 
The combination of complement, on the other hand, is usually of very firm 
nature 

Haemolytic sera are of great service in the study of the question of specifi- 


usual absorption tests, for example, the antiserum to ox's red cells combines 
with sheep’s corpuscles A close analogy holds to what has been established 
in the case of agglutinins It is further of great interest to note that by the 
injection of foreign red corpuscles into an animal its serum not only becomes 
hemolytic, but also in many cases after heating at 55° C possesses agglutina- 
ting and opsonic properties towards the red corpuscles used These facts 
show how close an analogy obtains between antibacterial and hemolytic 
sera, and how important a bearing hiemolytic studies have on the questions 
of immunity in general. 

In addition to species specificity, individual specificity can aho be demonstrated 
sometimes, since the injection of red cells derived from other individuals of the same 
species ivill develop ‘ isolysms ', although an ‘ autolysm ’ active against the individual’s 
own corpuscles is not produced 

.\rethods of hcsmolyttc tests A haemolytic scrum is usually prepared by injecting, e g 
intrapentoneally, the red corpuscles of an amma! into one of different species . the cor- 
puscles of the ox or sheep are most frequently used, and the rabbit is the most suiUble 
animal for injection The corpuscles ought to be completely freed from serum by washing 
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at 65° C on three successive days j it is, of course, devoid of cotnpiement. The test 
amount of corpuscles is usually 0’5 c c of a 5 per cent, suspension of v,ashed blood (see 
above) m 0 85 per cent sodium chloride solution, that is, the corpuscles of 6 c c. blood 
completely freed of serum, and then salt solution added to make up ZOO c.c. (or 3 c c. of 
packed blood sediment plus 97 c.c saline). In any investigation it is necessary to ascer- 
tain the minimum hamolytic dose (M H D ) of the immune-body and of the complement 
to be used As complement docs not increase dunng immunisation, the hajmol^ic dose 
of the fresh immune serum wiil come far short of representing the amount of immune- 
body present 

In testing the dose of tininune-body. the fresh serum to be used as cornplement must be 
devoid of hjemolytic action (m the present instance rabbit's serum wiU be found suitable), 
and more than sufficient to produce lysis with immune- body is added to each of a series 
of tubes Instead of rabbit's serum it is preferable to use guinea-pig's serum as the source 
of complement, since it is much more active. The latter often contains some natural 


covered by centrifuging and w pipetted off , it u now devoid of any lytic action by 
Itself, hut contains the complement , 0 05 or 0-1 c.c of this treated serum is added to 
each tube of the test amount of corpuscles m estimating the dose of immune-body 
Varying amounts of immune-body (which should be diluted vrith saline in order to 
permit of accurate measurement) are added to the tubes, the contents are shaken, and 
incubated at 37* C. for one and a half hours The amount of lysis is then noted. The 
snulleat amount of immune-body which gives complete lysis is, of course, the M.H D. ; 
this may be as low as 0 0005 c c. for the test amount of corpuscles An immune-body 
for sheep's red corpuscles can be developed similarly by injections of washed sheep's 
blood Since guinea-pig’s serum seldom has much natural ha-molytic action on these 
corpuscles it can be used without previous treatment with the blood at 0’ C, 

To estimate the M H D of (omplement, proceed in a corresponding manner \ to each 
of a senes of tubes containing the test amount of corpuscles add several (at least five) 
doses of immune-body, and then to the several tubes different amounts of complement 
Nearly maximal lysis is obtained after one hour's incubation. The amount of comple- 
ment necessarj' for lysis vanes somewhat according to the amount of immune-body used, 
being smaller with several doses of the latter than with a single dose ; in estimations of 
the dose of complement, it is accordingly advisable to use the optimum amount of 
immune-body (a^ut five haemcdytic doses in the present iustauce) The activity of a 
serum as complement varies cotisiderabiy, and each sample must be tested separately 
It can be preserved for a considerable time at or near its onginal strength if it be kept 
frozen Even if this be done, however, the strength of the complementing serum must 
be titrated at the commencement of every expenment in which it is employed. Com- 
monly the M H D of fresh guinea-pig's complement for 0 6 c c. ox or sheep corpuscle 
suspension is 0 005 or 0 0075 c c Corpuscles treated with sufficient immune-body to 
produce complete lysis on the addition of complement are usually spoken of as sensthsra 
corpiw/es 


Complement-Fixation Reaction of Bordet and Gengou 

From the facts gi\-en above it follows that sensitised red corpuscles, uo. 
corpuscles treated with immune-body, may be made to serve as an indicator 
for cornplement If an antibacterial immune-body is present in a senim 
heated at 55® C , this serum along with the corresponding bactena wU lead 
to the fixation of complement, and thus prevent hcemolysis when sensiti^ 
corpuscles are added later. If we represent the bacteria, or rather the 
receptors m the bacteria, by X, the immune-body by anti-X, and tne 
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complement by C (normal serum, say, of a guinea-pig) we may represent the 
method of experiment by the following scheme . 


X-f-anti-X-fC 


-f sensitised corpuscles i 


(The vertical dotted line represents a period of incubation for one and a 
half hours at 37° C.) 

If lysis of the sensitised corpuscles does not occur after incubation at 
37° C., then the complement has been fixed and an immune-body has been 
shown to be present, provided that a suitable control shows that the bacteria 
alone, mthout immune-body, do not fix sufficient complement to interfere 
with lysis. The reaction may also be controlled bj' substituting for the 
immune serum heated normal serum of the same species ; absence of 
complement fixation under these conditions shows that there is no natural 
antibody present 

This method has now been extensively used for demonstrating the pres- 
sence of immune-bodies in the blood of patients infected with a particular 
organism It has also been applied to determine whether a suspected organ- 
ism is really the cause of a disease, for if the organism m question gives with 
the serum of the patient fixation of complement, then there is a strong 
presumption that it is the Infective agent. The antigen consists of broth 
cultures or suspensions in saline of cultures of the organisms on solid 
medium, which have usually been kUled by heating The optimum amount 
of organisms to be employed must be ascertained m e%'ery instance, but the 
test amount of bacterial suspension should not by itself inhibit more tlian 
one or two doses of complement. It is essentia! that antisera which are to be 
tested in this way should not have been obtained from animals injected with 
cultures grown on foreign blood or serum, since antibodies generated by the 
latter may lead to fallacies ; but other constituents of culture media may 
also be antigenic {vide p. 78) Complement fixation may be said to occur 
when the mixture of antigen and serum inhibits more complement than the 
sum of the amounts inhibited by each of these reagents separately , but the 
plienomenon is clearly present when the mixture of antigen with the serum of 
an individual infected or inoculated wnth the organism in question inhibits 
complement to a greater degree than does a similar mixture containing 
serum from an uninfected individual Different specimens of complement of 
equal hjemolytic power may differ in their devtabihty, t e capacity for being 
fi.xed by a given mixture of antigen plus antibody 

In carrying out complement-fixation tests care must also be taken that 
the source of complement, usually guinea-pig’s serum, does not contain a 
natural antibody for the antigen employed In order to make sure of this a 
control is included in the senes, in ivhich the effect on complement of the 
antigen by itself is determined It has been found in the case of B typhosus 
and other organisms that under such conditions a small amount of comple- 
ment may fail to be fi.xcd, whereas fixation occurs in the tubes containing 
larger amounts (Dunlop). This disturbing property of the guinea-pig’s 
serum mav usually be removed without damaging the complement by 
keeping it at 37° C for several hours or by treatment with charcoal. 

Fixation of complement occurs frequently when an antibody is added*in 
suitable proportion to the corresponding antigen (bacteria, viruses, tissue 
cells, protein solutions such as serum, etc ) or hapten (the Wassermann 
reaction is an analogous phenomenon) But all antigen-antibody mixtures do 
not lia% e the capacity to fix complement In the case of antigens or haptens 
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which are soluble, complement fixation and precipitation are frequently 
associated , but the two phenomena do not necessarily proceed in parallel. 
According to Goldsworthy there is an optimal size of the particles for com- 
plement fixation. Another determining factor may be the species of animals 
from which the antibod}’ and the complement are derived. 

Nature and mode of action of complement. Complement is relative!}’ 
unstable, being destroyed in 30 to 60 minutes at a temperature of 55° C. ; 
also It detenorates in a few daj’s at room-temperature. It has been a 
disputed point whether there are several distinct complements in a normal 
serum, with different relations to different immune-bodies, for which Ehrlich 
and his co-workers have brought forward a certain amount of evidence, or 
whether, as Bordet holds, there is a single complement, which may, ho^v•e\•e^, 
show slight variations in behaviour towards different immune-bodies. There 
is no doubt, however, that all the complement molecules in a serum are not 
the same. For hiemolysis the immune-body and the complement need not 
be derived from the same species As a rule sensitised red cells are hot readil}’ 
lysed b}' the complement of their own species. In general, guinea-pig’s serum 
IS the most active complement for lysing blood corpuscles of other mammals. 
It has been held by workers of the French school that complement does not 
exist in the free condition in the blood, but is liberated from the leucocytes 
when the blood is shed ; but there are many facts against such a view. For 
instance, it was shown by Muir and McNee that the introduction of immune- 
body into the circulation of the corresponding animal leads to a lysis of red 
corpuscles by means of complement, that the lysis may go on gradually for a 
considerable period of time and, further, that immune-body may become dis- 
sociated from red corpuscles and combine with others, the latter then under- 
going l^-sis. These lacts and many othere speak strongly in favour of the 
view that complement exists in the free condition in the circulating blood ; 
but its source is unknown. There is no endence that the leucocytes contain 
complement. 

Observations by Ferrata, Brand, and others have shown that complement 
IS not a single substance, but is really made up of several components. Thus 
dialysis or treatment \nth carbon dio.vide or weak hydrochloric acid leads to 
precipitation of part of the serum globulins. The component in the precipi- 
tate, when the latter is separated and dissolved in saline, unites directly with 
sensitised corpuscles, and then that in the separated fluid enters into 
combination Hence they have been called ‘ middle-piece ’ and ' end-piece 
respectively Neither component by itself produces (he complementing 
effect, but together the}’ may act like the original serum. The separation, 
however, is not always successful. Other components of complement have 
also been described , serum which has been rendered inactive, e.g. with a 
suspension of yeast cells, may have its complementing actiWty restored by 
adding a small amount of serum heated at 55° C. (‘ third component '). which 
possesses neither middle-piece nor end-piece properties. Again, Gordon, 
Whitehead and Wormall have showm that a ' fourth component ' of comple- 
ment is destrov’ed by treating the serum with a minute amount of ammoni^ 
and that reactivation occurs on adding to it a specimen of serum from which 
the third component has been removed- The work of Browming and Mackie, 
who fractioned complement-containing serum with ammonium sulphate ns 
well as by treatment with carbon dioxide, demonstrated that the constitution 
of complement is even more complex than the above results would indicate. 
Complement, as tested bv bactenddal action, is found also to have a complex 
constitution. Complement action seems to depend on the presence in suitable 
amounts of certain cations, especiallv' magnesium (Mayer ei al.). 
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Heidelberger ef al estimated chemically the amount of nitrogen contained in pre- 
cipitates formed when a serum reacts with the homologous antiserum in the presence 
or absence of complement In the former case the nitrogen was increased ; and by this 
means they measured the complement content of a serum gravimetricaliy Because of 
the irregular degree of h«emolysis effected by identical volumes of a highly diluted 
specimen of complement when added to a fixed amount of sensitised red rells, Lominski 
has concluded that complement, like bacteriophage, is of particulate nature 

Conglutinahon. Fresh serum of the ox — and certain other species — ^when 
added to red blood corpuscles (or bacteria) sensitised with immune-body 
brings about intense agglutination. The same result follows the addi- 
tion of heat-inactivated ox serum along with a trace of complement It 
appears that the effect is due to a speaal property of the ox serum — 
conglutinm, and by means of this phenomenon as the indicator it is 
possible to demonstrate the action of antibody which would otherwise 
escape detection 

Normal Serum Hsemolyslns These can be shown in some cases to be of the same 
nature as those of an immune serum, that is, complement and the homologue of an 
immune-body can be distinguished For example, guinea-pig’s serum is hsemolytic to 
ox’s corpuscles ; if a portion of serum be heated at 65° C . the complement will be 
destroyed ; if another portion be treated with ox’s corpuscles at 0° C , the natural 
immune-body will be removed and only complement will be left Neither portion is in 
Itself haemolytic, but this property becomes mauufest again when the two portions are 
mixed 

Blood Groups. These groups ivere discovered in human subjects by Landsteiner 
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same time those natural antibodies which do not correspond with the individual's own 

red cells • • 

the A 4- H •;•••• ■ ■ ' 

principle • • ■ . • ■ 

is easily ' ' ' < . » ... <■ 

presence ui lue&e auiigeiis and <uiui>uuies may leau to seiiuu& acciueiics alter blooa 
transfusion if unsuitable blood is used, that is. especially a specimen for which the 


injecting the corresponding blood cells into rabbits Another class of antigens, termed 
Rh (present also in the red cells of Jtiesus monlieys), are found in the corpuscles of a 
proportion of human subjects Their practical importance consists in the fact that if a 
woman who lacks them produces a fmtus which has inherited the Rh factor from its 
father, the antigen may traverse the placenta and stimulate an immunity reaction in the 


Forssman’s Hamolyllc Antibody. It has been shown by Forssman that a lysin for 
sheep’s red corpuscles can be developed in the rabbit by the injection of emulsions of 
tissues of certain animals, e g gmnea-p^. horse, etc The antigens in these tissues are 
known as helerogenettc and the corresponding antibodies as heterophtle. The nature of 
such antigens is still unknown, though there is evidence that they are combinations of 
carbohydrates, perhaps with lipoids The antibodies along wth extracts obtained by 
treating the organs with alcohol give reactions »» vUro, e g fixation of complement and 
flocculation , that is. the extracts act as haptens It has been found impossible, how- 
ever. to obtain heterophile antibodies by the injection of separated lipoids alone . but a 
mixture of the latter with foreign serum (« g pig’s) develops in rabbits an antibody which 
gives reactions wtb the lipoids (Landsteiner and Simms) Various bactena contain 
heterogcnetic antigen, e g Shiga's dj-sentery bacillus 
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Cyiotoxlc Sera. In addition to hxmolyttc sera, antisera have been obtained by the 
injection of leucocytes, spermatozoa, ciliated epithelium, h\ er cells, neia-ous tissue, etc 
The laws governing the production and properties oi these arc idcnticai, that is, each 
serum exhibits a specific property towards the cells used in its production — i e. dis.soKes 
leucocytes, immobilises spermatozoa, etc. The specificity is, however, not so marked as 
in the case of sera produced against red blood corpuscles ; thus a serum produced against 
tissue cells is often h.tniolytic , this is probably due to various cells of the body having 
the same receptors. Here again, when the antiserum produces no destructive cflect on 
the Corresponding cells, the presence of an inimunc-body may be demonstrated by the 
increased amount of complement which Is taken up through its medium. It may abn 
be mentioned that each antiserum usually exhibits toxic properties towards the animal 
whose cells have been used in the injections, r g. a h.T!moly{ic serum may proiluce a fatal 
result, with signs of extensive blood destruction, hemoglobinuria, etc., t e. it is hamo- 
toxic for the particular animal ; a serum prepared by injection of Jivcr or kidney cells 
has been found to produce on injection necrotic changes in the respeeth e organs of the 
species of animal whose cells were used These are mentioned as examples of a \cry 
large group of specific activities j 

(b) Opsonic Action. The main facts witii regard to phagocytosis in 
relation ' ■ . ■ - * . - 

tics of th " • ‘ ■ 

cytosis i . * ■ 

occurrence in the susceptible animal, and .sliouetl further that the acquisition 
of immunity against a particular organism ivas attended by the appearance 
of active phagocytosis towards it. He e.\pbincd the phenomena at first by 
supposing some essential change in the leucocytes, and later, when the favour- 
ing action of scrum came to be recognised, by supposing that the scrum anti- 
bodies acted on the leucocytes or. to use Ills term, acted as ' stimulins '. 
Variations in the activity of the leucocytes liave been obserA-ed in certain 
conditions, but those are not of s|>ccific character, that is, are not specially 
directed towards the organism against which immunity is acquired. It is 
now recognised also that so iar as specific variations are concerned, the leuco- 
cytes are an indifferent factor All the important variations in phagocytosis 
in relation to immunity may be said to depend on the opsonic properties of 
the serum on the one hand, and on the virulence of the organism on the 
other 

The presence of a substance in an immune scrum whicii makes the 
corresponding organism sensitive to phagocytosis u'as first demonstrated by 
Dene’S and Leclef m 1893, in the case of an anti-streptococcal scrum. They 
also showed that the semm produced this effect by acting on the organism, 
not on the leucocytes It is. hoivcver, chiefly due to the researches of Wright 
and his co-ivorkers that attention has been directed to the conditions under 
which phagoc 3 ’tasis of organisms bj' the pofjworphonudear leucocytes 
occurs. Wright and Douglas first showed that the phagocytosis of staphylo- 
cocci by leucocytes depended on a bodj' in normal scrum which became fi.ved 
to the cocci and altered them so that they were then ingested b)’ the 
phagocytes. To this thej’ gave the name of * opsonin There is no phago- 
cytosis of cocci bj’ leucocj’tes washed in salt solution ; normal serum 
heated to 55® C. is also without effect in inducing this phenomenon. {' Spon- 
taneous ' phagocytosis of non-virulent organisms b}’ washed leucocytes in 
the absence of scrum may occur in certain instances, however.) With regard 
to the mode of action of opsonin, Wright and Douglas could not demonstrate 
that it had any effect on the leucoc>'tes On the other hand, if bacteria were 
exposed to the iresh serum, and they were freed from the excess of serum 
and then exposed to leucocj’tes. also washed free from serum, they were 
readily taken up by the cells Whfle the investigation of opsonic action has 
been carried out chiefly in vitro with poljTnorphonuclear leucocytes, it is 
knoAvn that the macrophages of the reticulo-endothelial system behave 
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similarly. Vinilent organisms, such as pneumococci, when injected intra- 
venously, disappear more rapidly and permanently from the circulation of 
actively or passively immunised animals than of susceptible ones It has 
been found by microscopic examination and by making cultures that the 
organisms accumulate especially in the liver and spleen in the mononuclear 
phagocytes Although pathogenic organisms of various species can survive 
phagocytosis, it has been established that in many cases they are destroyed 
both in VIVO and tn vt/ro by poljonorphonnclear leucocytes and macrophages 
It remains uncertain whether the function of opsonins is merely to prepare 
the organisms for ingestion, their destruction then follouing by mechanisms 
’ ’ ’ ' ’ .1 11 • . ..t mins also damage 

onic action is the 

£sli»ia/io/i of opsontc aelton The opsonic property of a specimen of serum may be 
estimated tn the following way (Lcishman's method as modified by Wright et al) A 
uniform Suspension in saline of a young culture of staphylococci is prepared Also a 
specimen of leucocytes is obtained as /olfows some drops of freshly drawn blood are 
added to a solution containing 1 0 per cent sodium citrate and 0 6 per cent sodium 
chloride, mixed and centrifuged, the supernatant fluid being removed and the sediment 
resuspended m fresh saline and again centrifuged, the upper layer, which is nch in leuco- 
cytes, finally being pipetted off Equal volumes of bactcnal suspension, leucocytes, and 
serum are mixed thoroughly and drawn into a capillary pipette, which is placed at 37* C 
for fifteen minutes (It is advantageous to maintain a uniform mixture mechanically by 
keeping the pipette in continuous motion dunng incubation ) At the end of this time 
films of the mixture are made on microscope slides and stained, t g mtb Letsbman's fluid 
The number of cocci contained m a sufficiently Urge senes of consecutive leucocytes (at 
least 100} IS counted and the average number per leucocyte estimated (the phagocytic 
index] In order to compare a patient’s serum with that of a healthy person both are 
treated in parallel as described above, human leucoC)ries being used The phagocytic 
index of the former is divided by that of the latter . the result is called the ' opsonic 
index ' Another method consists in ascertaining the phagocytic indices obtained with a 
scries of dilutions of each serum These dilutions are selected which yield the same phago- 
cytic index with the patient's and with the normal serum . the reciprocal of the former 
divided by the reciproci ■ ... ./*i. 

patient's serum in opson 
serum (1 20, 1 30, 1 - 
in Wright's procedure 

consecutne series of 50 leucocytes is estimated, the extinction point being noted also 

Thermostable opsonins arc estimated similarly, except that the scrum is heated 
beforehand, say at 55* C , for a half to one hour 

Differences between normal opsontns and immune opsonins It has been 
showTi that the opsonic action of the serum against an organism is increased 
by the process of immunisation, and the opsonic index represents the degree 
of immunity in one of its aspects, as already explained In an immune 
scrum, however, an opsonin may still be present after the serum is heated at 
55° C , as was demonstrated by G Dean and others , and Muir and Martin 
showed that this thermostable immune opsonin (bacteriotropin of Xeufeld) 
has all the specific characters of antibodies in general On the other hand, 
they found that the therraolabilc opsonin of a normal serum has quite 
different properties For e.xample, the opsonic effect of a normal serum for 
a particular organism may be removed by treating the serum inth other 
bacteria , m other words, the Ihcrmolabile opsonin of normal serum does not 
possess the specific character of the opsonin developed in the process of 
immunisation They found, further, that various substances or combinations 
of substances which act as ' complement absorbers ' ako remove the opsonic 
property from a normal serum, while they have no effect on an immune 
opsonin The opsonic property of fresh normal serum, however, is unaffected 
by treatment of the scrum with certain reagents which abolish complement 
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action, such as ammonia (which destroys the ' fourth component ' of comple- 
ment, p 96), hydrochloric acid, caustic soda, or congo red (Gordon, WTiite- 
head, Wormall, and Thompson). Accordmgly, there is not a complete 
identity between the action of complement and normal opsonin. 

The non-specific effect of thermolabile normal opsonin is clearly showi 
by the fact that particles of carmine Md other substances become opsonised 
by the action of normal serum. It is to be noted, however, that in certain 
cases there have been found in normal serum traces of substances which can 
be activated by thermolabile opsonin after the manner of immune-body and 
complement (as seen in the haemolytic action of.a normal serum, p 97) ; to 
this extent the opsonic effect of a normal serum may have some degree of 
specificity. From this and other facts some observers have attempted to 
explain the whole of opsonic action according to the scheme of immune-body 
plus complement as seen in h.Temolysis This, however, is not justifiable, 
since normal thermolabile opsonin can, as alr^dy seen, act by itself, as can 
also the specific immune opsonin after normal opsonin has been destroyed by 
heating The subject is one of considerable comple-xity, but it may be said 
that the most important cause of increase in the opsonic effect observed in 
infections is the specific bacteriotropins, though the presence of immune-body 
may play a part by leading to the union of more normal opsonin. 

Itmnune opsomns {bacteriotropins). The development of increased op- 
sonic action of the serum may be regarded as the most important factor in 
active anti-bactenal immunity, since, as we have seen, an enhanced direct 
bactencidal action occurs only m the case of a limited number of organisms. 
The increased opsonic action is due to antibodies which act either with or 
without complement — opsonic immune-bodies or bacteriotropins (immune 
opsomns) respectively. The latter are of special importance, as they can act 
in high dilution and are effective in situations where complement has been 
used up, as is often the case. Moreover, comparative observations show that 
there is a close correspondence between phagocytosis in vitro and in vivo. In 
the immune animal, accordingly, the antibodies lead to ingestion of the 
bacteria, and this is often, though not invariably, followed by their destruc- 
tion , enhanced powers of dealing with the bacteria thus result. 

Virulence of organisms tn relation to opsonic action. An important 
factor in relation to phagocytosis is the state of the organisms as regards 
virulence A relatively non-virulent organism may be susceptible to phago- 
cytosis when acted on by normal serum (or even in the absence of serum 
altogether), but a more virulent strain may require the action of an immune 
serum , this is seen in the case of certain streptococci. Similarly, organisms 
from a culture may be more resistant to opsonic action and more virulent at 
an early stage of growth than later. The factors on which virulence depends 
are various and are imperfectly known, but in some organisms, e g. pneumo- 
coccus and the anthrax bacillus, increased \'iru]ence is associated ivith the 
development of capsules When anthrax bacilli are introduced into the body 
there may be active phagocytosis for some time, but then a capsulate race 
may appear \vhich is not susceptible to opsonic action either in the living 
body or tn vitro. Capsule formation in some way protects the organism 
against opsonic action, but increased virulence may occur without it ; for 
example, some strains of virulent streptococci are without capsules, while in 
others increased virulence is associated with capsule formation. There is also 
evidence that in some cases virulent bacteria produce aggressins or leuco- 
cidins which have an antagonistic action on the phagocytes. 

Nature of opsonic action. The union of opsonising substance, whether 
specific 01 non-specific, has been shown to result in certain physical changes 
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in the bacteria The subsequent phagocytosis of them by the leucocytes 
occurs with remarkable rapidity, as shown by the fact that several bacteria 
may be taken up by a leucocyte 'ivithin a minute. It is now recognised that 
both the bringing of the bactena into contact with the leucocytes and the 
subsequent ingestion of them depend on physical processes The bactena 
are drawn together towards the leucocytes by a process allied to agglutina- 
tion. and thus are seen to form nngs around them (Ledmgham) Increased 
adhesiveness of the bacteria to the leucocytes is produced by opsonic action, 
and this means diminished surface tension at the point of contact, the 
bacteria thus becoming merged in the leucocyte protoplasm quite apart from 
amceboid activity Tannic acid has been found to opsonise organisms, and 
substances in general which possess tanning properties act in this way 
(Gordon and Thompson) These facts have been established with regard to 
in vitro experiments, but the same principles no doubt hold with regard to 
phagocytosis in the body At the same time it must be recognised that leuco- 
cytes in the tissues move towards the bactena under chemotactic attraction, 
and their emigration from the vessels seems capable of explanation only in 
this way Such chemotactic attraction has been demonstrated also in vitro 
in certain instances 

Summary of the Mechanism of Opsonic Action 

(1) Pathogenic organisms tn vitro are usually not ingested by phagocytes 
(polymorphonuclear leucocytes) m the absence of serum 

(2) Opsonins, the substances m serum which promote phagocytosis, act 
by altering the organisms ; they do not have any direct effect on the 
leucocytes. 

(3) The opsonins of normal and immune sera may be distinguished 

(I) Normal opsonins are thermolabile at 56® C. They are non-specific, 
since treatment of unheated serum with one species of organisms removes 
the opsonins for other species , they are related to, but not identical with, 
bacteriolytic and haemolytic complement Thus many procedures which 
remove the complementing action of serum also deprive it of normal opsomn. 
On the other hand, serum which has been deprived of the fourth component 
of complement, still has opsonic action 

(5) Immune opsonin (bactenotropin) which is developed in the serum as 
the result of immunising an animal with the organism in question, has the 
properties of a specific thermostable antibody 

(6) The opsonic effect of complement^«s immune opsonin may be greater 
than the sum of the opsonic actions of each component separately 

(7) In certain cases the opsonic property of a normal serum is due to 
thermostable constituents 

(c) Agglutination and Precipitation. Chamn and Roger m 1889 observed 
that when Bacillus pyocyanens was grown in the serum of an animal immun- 
ised against this organism, the growth formed a deposit at the foot of the 
vessel , whereas a growth in normal serum produced a uniform turbidity 


Shortly after the discovery of agglutinins, Kraus found m the case of the 
organisms of typhoid, cholera, and plague, that the antiserum not only 
caused agglutination, but when add^ to a filtrate of the corresponding 
culture produced a cloudiness and afterwards a precipitate To the substance 
in the immune serum which brought about this effect he gave the name of 
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precipitin. Subsequent study has shown that this phenomenon is closely 
related to agglutination. 

Agglutinins. It was known that the serum of convalescents from typhoid 
fever could protect animals to a certain extent against typhoid infection, 
and, in view of the facts experimentally established, it appeared a natural 
proceeding to inquire whether such serum possessed an agglutinative action 
and the stage of the disease at which it appeared. The result, obtained 
independently by Grunbaum and Widal, but first published by the latter, 
was to shosv that the serum possessed this specific action shortly after 
infection had taken place ; in other words, the development of this variety of 
antibody can be demonstrated at an early stage of the disease. Agglutinins 
are developed generall}’ in bacterial infections, though the degree of their 
production and the facility with which they can be demonstrated vary 
greatly in different cases. Details will be found in the chapters dealing 
with individual infections. Furthermore, the phenomenon is not peculiar 
to bacteria , it is seen, for example, when an animal is injected with the 
red corpuscles of another species, hama^lutinins appearing in the serum, 
which have a corresponding specificity, as was first shown by Bordet. 

Agglutination has usually been regarded as a phenomenon which in itself 
does not play any part in conducing to the state of immunity. Inthe case of 
rabbits whose blood was richly infected with pneumococci, Bull, however, 
found that the intravenous injection of anti-pneumococcal serum of homolo- 
gous type brought about immediate clumping of the cocci and their phago- 
cytosis by polymorphonuclear leucocytes in the capillaries of the liver, 
spleen, and lungs He concluded that the agglutination is an essential 
process along with the phagocytosis in bringing about protection. The 
administration of excessive doses of antiserum, however, caused the 
formation of clumps of the cocci so large that they escaped phagocj’tosis 
and thereupon multiplied, causing a fatal infection. The agglutinating 
action of antibody appears also to account for the fact observed by Rich 
that pneumococci injected into the skin of an immunised rabbit remain 
localised, whereas in a susceptible animal they rapidly spread through 
the tissues 

Varieties of ag°Uttiiiins— -flagellar, soniahc, Vt. Smith and Reagh, WeU. 
and Felix, and others have shown that in the case of many motile bactena 
agglutinins are developed against both the flagella and the bodies of the 
bncteria—flagellar or H, and somatic or 0 agglutinins respectively, and these 
two types have a different significance The flagellar agglutinins lead to a 
rapid formation of loose flocculent clumps, while the somatic agglutinins act 
more slowly and the clumps are smaller and denser. The somatic antigens or 
agglutinogens are demonstrated in the case of motile bacilli by means of 
non-motile variants or by the use of suspensions which have cither been 
heated at 100'® C or treated with alcobol^these procedures having the effect 
. ,• — lisation against motile 

1 -developed antiserum 
dilution than somatic 

agglutination Both the flagellar and somatic antigens are 
specific, since each may be shared by several distinct organisms. Thus the 
somatic antigen of the typhoid bacillus is the same as that of B. ententidis, 
B pulloruin, etc , while the flagellar antigen of B. typhosus occurs also ® 
Stanley type of Salmonella in one phase. Again, many organisms o is 

group exist in specific and non-specific phases ; the former may be charac er- 
ised by flagellar antigen peculiar to a single species, c.g. B.paratyphosuso, w i e 
the antigens of the non-specific phase are comttwn to most species. er am 
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members of the group, e ° the typhoid bacillus, the paratyphoid A bacillus, 
etc., e.xist only in the specific phase; others, eg the Berlin variety of the 
Thompson type of Salmonella, show only' the non-specific phase. Again, m 
the Flexner group of dysentery bacilli the specific somatic antigens character- 
istic of the different types tend sooner or later to be lost on continued cultiva- 
tion, these being replaced by group antigens In addition to the somatic and 
flagellar agglutinogens, one has also to add that in the rough and smooth 
variants of certain organisms the former differ from one another. Thus the 
receptor analysis of bacteria, especially when motile, comes to be a com- 
plicated matter as is well exemplified m the salmonella group The cholera 
vibrio also illustrates the fact that non-protein carbohydrate constituents 
may be the agglutinogens responsible for the serological characters of 
bacteria , according to Bruce White there may be present in the S-form four 
such components, the suppression of one or more of these being associated 
with the formation of variant types of the organism Also, it has been sug- 
gested that various antigens are disposed at different depths in the bacterial 
body. Therefore, clearly the conditions for making a diagnosis by means of 
agglutinins must be worked out in the case of each organism. The evidence 
goes to show that the somatic agglutinins are the same as the bactericidal and 
complement-fixing immune-bodies (Felix) , at any rate they are more closely- 
related to these than are the flagellar agglutinins and accordingly constitute 
a better index of true immunity- 


absorption {vide infra) . by removal of the antibodies to the flagellar and 
somatic antigens from an antiserum containing a mixture of all three anti- 
bodies, a preparation can be obtained which exhibits anti-Vi action alone. 
The agglutinated organisms form fine granules Subsequently a strain ol D 


\’i agglutinogen, also it promotes their phagocytosis . and it confers passive 
immunity on mice against inoculation with virulent typhoid bacilli It is, 
however, not the sole protective antibody in anti-typhoid serum, since it is 
inferior to an anti-somatic serum in protecting against infection with organ- 
isms of low virulence or the toxic effects of killed cultures Tlic Vi antigen, 
which IS highly specific for the ty-pboid bacillus (although found m certain 
other organisms, e g B paratyphosus C), is present in recently isolated cul- 
tures but tends to disappear unless the organisms grow under particuKir 
conditions, e g not below 25® C or above 40'* C. It is demonstrated in its 
most charactcnstic form m Imng organisms and resists treatment with 
alcohol, but is readily damaged or destroyed by various agencies, e g phenol, 
formaldehyde, or heat, although it may partially resist 100“ C After pro 
longed subcultunng in artificial media the Vi antigen may- still be formed 
and It has been found m non-\irulent rough variants A similar antigen h.is 
been detected in salmonella bacilli 

The facts outlined above ha\e an important bearing on the selection of 
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strainsof '' *’ 
tion. In or 

organisms r . c m developing protec- 
tive autiboc lu me case of the salmonella group, the somatic antigens 

of the smooth type and also the Vi ant^en ; these conditions are best fulfilled 
by recently isolated virulent cultures Further, care must be taken that 

the process of sterilising the vaccine its ant'""*'*' 

There is 

not affect ■ ■ j 

impair it* 

Estiin.,:.->* Oi. /iggiutimns. The essential process is the bringing of diluted 
serum into contact n*ith the bacteria uniformly dispersed in a fluid The 
object is to ascertain the highest dilution of the serum which will effect 
agglutination , accordingly, a series of dilations is employed. The organisms 
are used either as a broth culture or a suspension made by adding a small 
portion of an agar culture to broth or 0-85 per cent, solution of sodium 
chlonde Agglutination is increased in rate by a rise of temperature from 0® 
to over 30° C If the result is watched under ike microscope in a hanging drop 
preparation the occurrence of the phenomenon is shown by the aggregation 
of the bacteria into clumps, and if the organism is motile this change is pre- 
ceded or accompanied by more or less complete loss of motility. At first the 
clumps are small . when larger they can be seen at a low magnification and 
finally they become visible to the naked eye. If the mixture is placed in a 
small test-tube, sedimentation is sho^vn by the formation of a deposit, the 
fluid above being clear. Two points should be attended to : (o) controls 
should always be made wth normal serum — to exclude the action of natural 
agglutinins, and wth the bactenal suspension alone — to exclude auto- 
agglutination , and (6) the serum to be tested should never be brought in the 
undiluted condition into contact with the bacteria. For the naked eye test, 
equal volumes of serum dilutions and of bacterial suspension are placed in 
agglutination tubes (or narrow test-tubes) These are kept in the upright 
position at room temperature for twenty-four hours, or at 37“ f. 
hours, or at 50° to 55° C in a wat***- ^ 

: mv, iiigiiesi dilution of 

t agglutination is 1 : 8,000, this is expressed by say- 

ing that 8,000 is the ‘ titre ' of the serum. The results are best read with the 

naked eye by holding the tubes against a dark backijround 

light in front of the observer. — ’ 

tion IS much preferable to th^* » 

more accurate Flage 

Flocculaiton on a lor preliminary observations. 

€ g for testing suspicious colonics from plate cultures of fasces in order to 
determine which should be submitted to further examination. Drops of a 
low dilution of agglutinating serum (e.g. 1 : 100 of an antiserum irith a titre 
of 5,000) are placed on a slide and a loopful of organisms from each colony 
is nibbed up mth the needle in successive drops, so as to yield a very dense 
turbidity , then the slide is rocked vigorously for a minute or so. If floccula- 
tion occurs, granulanty obvious to the naked eye develops. 

Standard aggtutinadte cuttures Since different cultures of the same 
organisms (and even different subcultures of a single strain) may differ m 
their agglutinabihty by the same antiserum, Dreyer devised a method ot 
standardising such cultures The organism (eg. B iyphosiis) is grown lor 
♦wcnty-four hours at 37° C. in ordinary broth At the end of this there 
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is added to it 0*1 per cent, of commercial formalin ; it is shaken and kept at 
about 2° C. in the dark At the end of three or four days the culture will 
be found to be sterile and will keep practically indefinitely Such killed cul- 
tures are very suitable for sedimentation tests When a new specimen of 
culture is to be employed, it is tested for agglutination with varjing dilutions 
of an antiserum, so as to determine the titre of the latter Simultaneously, 
the titre of the same antiserum is determined when used along with the 
standard culture ^ If the two titres differ, then the former divided by the 
latter yields a factor which must be employed to divide the titres of all sera 
tested with the new culture in order to m^e them comparable with results 
obtained with the standard culture. In this way successive batches of the 
agglutinable culture are compared and the factor for each is determined 
Accordingly, where the agglutinabihty of a batch of bacterial suspension is 
not standard, the ' standard ' titre is gained by dividing the actual titre 
(obtained as already described) by the suspension factor which is supplied 
Flagellar and somatic agglutinins It may be important to determine 
which types of agglutinin are present in the serum, and for this purpose 
‘qualitative receptor analysis ’ is earned out (Fehx), e g in certain cases of 
typhoid and salmonella infections Strains of organisms rich m the respective 
antigens are selected and grown on appropriate media, eg to promote the 
formation of flagellar (H) antigen the agar medium should be prepared from 
fresh meat (not meat extract), react neutral to litmus, have abundant water 
of condensation and be sterilised at 100® C For detection of flagellar 
agglutinin, suspensions of living organisms are best, but failing these, pre- 
served suspensions prepared with phenol or formalin may be used 

For somatic (O) agglutinin, cultures of non-flagellate variants of motile 
organisms are used, or mottle cultures treated with alcohol or boiled The 
titre of the serum may then be determined in the usual way by the naked eye 
method In the case of livingsuspensions the results are read with a xlO mag- 
nifier after tw’o hours at 37® C , and again after sixteen to eighteen hours 
further at room temperature, since small flake agglutination occurs slowly. 
With alcohol-treated suspensions twenty-four hours at 50® to 55® C should 
be allowed 

Vi agglutimns Owing to the very finely granular character of the sedi- 
ment which forms, it is advisable to use wide tubes (i m diameter) A sus- 
pension of a suitable culture is mixed in the usual way with dilutions of 
serum The mixtures are kept for two hours at 37® C and thereafter for 
twenty-two hours at a uniform room temperature (convection currents must 
be avoided) A positive result is shown by the formation of small clumps, 
visible to the naked eye. which occupy from a half to the whole of the 
base of the tube, the supernatural fluid becoming clear In the control 
tube without serum or where the result is negative the organisms are partially 
deposited, forming a small circular layer with a sharply defined margin 
Practical Applications of Agglutination. The agglutinating property of 
the blood serum for a particular organism may be increased as a result of 
infection with that organism This increase usually becomes apparent after 
the infection has lasted for about a week, but may be delayed or even fail to 
occur if the seventy of the resulting disease damages the reacting power of 
the patient , also the increase m agglutinins may persist long after clinical 
recovery Therefore in a case of suspected infection the finding of increased 
agglutinins for the organism is of \'alue in diagnosis It must be borne in 
mind, however, that the “lamc result follow’s \'accination with suitable killed 
' These agglutinable cultures are supplied bjr the Standards I.aboratory. Central 
Public Health Laboratory . Cohndatc As enue, London. N \V 9 
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cultures Further, the development of agglutinins may occur again in a later 
infection due to some other organism (* anamnestic reaction Felix has 
found in the case of the typhoid-paratj’phoid group that it is the flagellar (H) 
agglutinins that are affected in this way. "Thus in a patient at some time 
previously inoculated with a vaccine such as T.A.B., a reappearance of the 
corresponding agglutinins may result from a febrile attack due to some other 
infection On the other hand, the somatic (0) and Vi agglutinins are not 
liable to this non-specific stimulation ; accordingly, when they arc pres- 
ent they have a diagnostic v.aluc. Again, infection with one organism 
may stimulate the production of agglutinins for another, r.g. for B. proleus 
in typhus fever This non-specific stimulation is manifestly of importance in 
diagnosis. For these reasons the diagnostic significance of a positive 
agglutination reaction with a patient's scrum is limited. In suspicious cases 
if the first test is negative or only weakly i>osittve a further specimen of the 
serum obtained seven to ten days later should be e.vamincd ; an increase in 
agglutinins ('rising titre ’) is of diagnostic significance, especially if the 
fallacies mentioned above can be excluded 

In addition to its value in the diagnosis of infections, the agglutination 
reaction is of great service in the differentiation of bacteria ; in this case the 
agglutinability of an unknown bacterium is tested by a known antiserum. 
(For this purpose artificial antisera of high titre must always be employed ; 
these are generally derived from rabbits — human sera from cases of natural 
infection should never be used.) If the unknown organism is agglutinated by 
the antiserum in the same dilution as the homologous organism {ue, to titre, 
or even to half litre), this is evidence of their identity. One must recognise, 
however, that occasionally different pathogenic organisms react in the same 
way to an agglutinating serum «ind cannot be differentiated by this method. 
For example, m the three foHou-ing instances. Gonococcus and Meningococcus, 
B melttensis and B abortus, and some strains of B. mallei and B. uhitmon. 
It 15 recognised that the two organisms usually cannot be distinguished by 
direct agglutination In the salmonella group also, different members mv\y 
be agglutinated to the same titre as the homologous organism by an anti- 
serum. In such cases of co-agglutmation differentiation of the cultures 
can be effected by the method of agglutinin absorption — Castellani's reaction 
{vtde tufra) 

Aggiutinin Ahsorptioa. The principle is that the homologous organism 
wall remove from an antisenim the agglutinins both for itself and for the 
heterologous organism, whereas the latter will remo\-e from it only the 
group-agglutinins Accordingly, if an antiserum to the known culture A 
agglutinates culture X, then tests made with the following results indicate 
that X IS a heterologous organism . 


\nti-A Serum 
absorbed with 

Culture A 
Culture X 


Aeglutinating Action ot the Treated Serum on 


Culture A 
. ml 

. practically unchanged 


Culture X 
nil 
ml 


On the other hand, if absorption of anti-A serum iWth culture X removes the 
agglutinating action for both A and X, then these two organisms m.ty be 
identical. Their identity is confirmed if an Anti-X serum on absorption wtn 
culture A loses its agglutinating power for both A and X. In carrying out sue 
tests attention must be paid both to the somatic antigens (whether smootJi or 
rough) and to the flagellar antigens (whether in the specific or the group 
phase). 
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The method of ' absorbing ' an antiserum consists in adding to a suitable 
dilution of the serum {e g. a serum whose titre ^vas 5,000 would be diluted ten 
times) an equal volume of a dense suspension of the organisms (one agar slope 


and its agglutinating properties studied on the other members of the bacterial 
group and also, by way of control, on the organism used for absorbing it, in 
order to make sure that all agglutinins for the latter have been removed (If 
the control test shows that agglutimns for the absorbing organism are still 
present in the treated serum, absorption should be repeated with a further 
quantity of the same culture ) 

In this way the identity or otherwise of the flagellar or somatic agglutin- 
ogens may be established Identification of an organism can thus be made 
under certain conditions, and related species can be distinguished by the 
absorption method. It has been supposed that'each species of organisms 
contains a ' mosaic ' of antigens and hence that the group reaction is due to 
certain antigens being common to several species. This explanation is 
questioned, however, by Burnet 

When certain bactena — 
(5frw5— are grown in broth 
their ifiorphoJogical char- 
breads or chains which are 


not obsers'ed m ordinary conditions 


Dor recurrenits are mixed with the corresponding antibody and bactena are added the 
latter adhere to the spirochetes 

Precipitins. It was shown by Kraus and by Nicolle that if an old bacterial 
culture be filtered through porcelam the addition of some of the corresponding 
antiserum produces a granular precipitate (The appearance of this deposit 
IS hastened and intensified if minute inorganic particles or heterologous 
bactena are added to the mixture ) For the reaction it is necessary to have 
constituents of the bactena m solution, and this may be attained by various 
methods . c g {a) by using an old broth culture in which the bacterial con- 
stituents have gone into solution, as in a culture which has been kept in the 
incubator for several w'eeks , the filtrate mil then contain the reacting sub- 
stance or precipitinogen (5) the growth from a recent agar or broth culture 
IS suspended m normal salt solution, the mixture is made feebly alkaline with 
soda solution or acid with weak hydrochloric acid and boiled for a few 
minutes , the mixture is then neutralised, when a precipitate forms, and is 
filtered through filter paper, the filtrate contains the precipitinogen 
(f) cultures are extracted by the vanous methods used for obtaining 
soluble antigens or haptens A verj’ delicate method of demonstrating the 
phenomenon is the ring test , it consists in floating varying dilutions of 
the bacterial extract on to the surface of a fixed amount of antiserum in a 
small tube The occurrence of precipitation is showm by the appearance of 
a ring of opacity at the junction of the fluids 

In eliciting the agglutination and precipitation reactions there is in 
general a noteworthy difference m procedure, in the former a minute 
amount of antisenim acts on a large quantity of the organisms, whereas 
precipitation is obtained wlien an excess of antiserum is mixed with a 
small amount of antigen This precipitin reaction has now been obseived 
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in many bacterial infections when the patient's serum is added to the 
corresponding bacterial filtrate ; convcrsdy, the presence of soluble con- 
stituents of the causal organism has been shown by adding the correspond- 
ing antiserum to urine in cases of pneumococcal pneumonia or to the 
cerebro-spinal fluid in meningococcal meningitis, etc. Thus the reaction 
has been applied as a means of diagnosis. It is, however, more restricted 
in its application than the agglutination method. In the diagnosis of anthrax 
infections the presence of antigens of the anthrax* bacillus in extracts of 
an animal’s organs may be demonstrated by precipitation. The reaction 
may also be given by haptens along with the homologous antisera, for 
example, the specific soluble substance of pneumococci, the carbohydrate- 
containing hapten extracted from tubercle bacilli by Laidlaw and Dudley, 
and in the case of streptococci the precipitinogen extracted from the various 
groups by Lancefield's method. 

The identity of the antibody which brings about precipitation with that 
which causes agglutination has been demonstrated by Hcidelbcrger et al. in 
the case of anti-pneumococcus serum. A solution of pneumococcal specific 
soluble substance was preci '* • * . V - ‘'-erum. Then 

the precipitate was treated * * ' ■ ■ dissociation 

of the antibody A solut . m added to 

pneumococci of the same type caused them to agglutinate. 

Serum Preclpltlns. This subject does not strictly belong to bacteriology, but the 
general phenomena are so closely allied to those just described that some reference may 
be made to it. When the serum of an animal is injected in repeated doses into another 


doses of 3 to 4 c c of the serum may be injected intraperitoneally at intervals ol four to 
five days, a precipitin usually appearing at the end of about three weeks Dean obtained 
the best precipitins bj gi\ ing six to eight inj'ections each of 2 c c of serum at m^rvals of 
five d3>8 — the first few being intravenous and the rest intrapenteneal— ^nd then alter 
a rest penod of three to six months a second series of injections ) The reaction, w hich is 
a very delicate one, is conveniently observed byaddmga given amount of the antiserum, 
say 0 03 c c , to varj'ing amounts of the homologous serum 0 1, 0 01, etc . e c . in a senes 
of small test-tubes, the volume being made up with salt solution to 1 c c. In this * 
definite reaction may be observ'ed with 0 OOOl c c. of the homologous senim or less. 
even more delicate reaction is obtained when the solution of antigen is placed with a 
pipette on the surface of the solution of precipitin, a layer of cloudiness then forming a 
their junction — the so-called ’ nng ' test If the antiserum be heated to a tempe^ure 
of 75 C for some time it acquires inhibitory properties, so that when added toa jm.Tture 
of serum and antiserum which would otherwise give a precipitate, this no longer occu^ 
Some observers consider that this is due to the presence of ‘ precipitoid ' m the heat 
antiserum , but the observations of Wekh and Chapman show that this ^ 

accordance with the facts, and indicate that the inhibition is related to a specific 
action which the heated antiserum has on the precipitate. They have also sboivn 
the mam mass of the precipitate is furnished by the antisenim (precipitin), and no 

had been w ? ^ Hn.vn bv the pre- 

. >oaies m 

(t-iife tn/ra). The precipitin reaction is specific in the sense explained aDove. ii *1*. 

most marked towards the serum of the species used m the immunisation ; but w 

IS so, there may also be a slight reaction towards animals of alhed specif- ^ 


be cmploj’ed as a means of differentiating human from other blo^s. tnr 

quantitative determinations of either antigen or antibody Dean employs a me . 

determining optimal proportions. i e those mwhich the most rapid formation o p 

occurs. First, a rough test is performed in which the following 
1 5. 1 . 10, 1 20, 1 40 — are each mixed with a senes ol ^’^iJenrrciDita- 

rangmgfroml lOtol 10.000 The concentration of antiserum which yiel p f 
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tion in a convenient time is noted and also the dilation of antigen with ubich this occurs. 
Then by mixing 1 c c amounts of this concentration of antiserum with a series of 1 c c. 
volumes of varying dilutions of the ant^n, each diffenng by 0 00025 c c of serum, the 
optimum IS ascertained 

Another important phenomenon, the reaction of complement fixation, is produced 
by the combination of the two substances in the serum (antigen) and antiserum (anti- 


complement becomes absorbed, as may be shown by subsequently adding a test amount 
of sensitised red blood corpuscles This fixation phenomenon is an even more delicate 
reaction than the precipitin test, it being often possible to demonstrate by its use from 
a tenth to a hundredth of the smallest amount of serum which will give a perceptible 
precipitate ; it also is specific within the same limits 

Mechanism of Agglutination and Precipitation. The chemical and physi- 
cal changes on ’ ’ ’ ' * ’ ‘ -et be said to be fully 

understood. T henomenon • {a) the 

combination ol (agglutinogen), and 

(i) the actual clumping of the bactena. For the occurrence of the latter an 
essential factor is a suitable salt content. Bordet showed that when the 
bacterial suspension and the agglutinin are made salt-free by dialysis, agglu- 
tination docs not take place on their being mixed, nevertheless the agglutinin 
is fixed by the bactena On the addition of an electrolyte such as sodium 
chloride in small amount agglutination occurs. Further, if subsequently the 
clumps of agglutinated bacteria are again freed from salt by washing m 
distilled water they become resolved , but on the addition of sodium chlonde 
they are formed again There is an optimum salt-concentration for agglutina- 
tion. It is also to be noted that many strains of bactena, eg. the rough 
forms of the coli-typhoid group, agglutinate in salt solutions without the 
" ' ' y 

. - ^ 

cause agglutination, e.g. the typhoid bacillus in the smooth form when it 
possesses Vi antigen is agglutinated by trypaflavin 

A further important point is that the occurrence of agglutination after 
the combination of agglutinin and agglutinogen depends on the physical 
condition of each, as well as on the presence of electrolytes For example, 
when the bactena are heated at a temperature of 65® C. for some time, they 
may lose the faculty of being agglutinated while they may still retain the 
property of combining wth or binding agglutinin. Dreyer and Jex-Blake 
have observed the remarkable fact that on being heated to a still higher 
temperature the organisms may once more become agglutinable Alterations 
in the antibody may also produce differences in the agglutination effect 
Thus antisera which have been heated to 60® to 70* C. undergo a modification, 
so that a zone effect occurs, t.e. the higher concentrations of serum fail to 
cause agglutination, while lower strengths, in the neighbourhood of the titre 
of the unheated serum, are still effective. It appears that m this case an 
' aggtutinoid ' is formed by the heating, which has a higher combining 
affinity for the organisms than that of the unmodified agglutinin, but which 
does not produce agglutination. Antisera which have not been subjected to 
any special treatment may contain an agglutinoid-like antibody which com- 
bines with the corresponding antigen and prevents the usual action of an 
agglutinating antiserum added subsequently. Such ‘ blocking ‘ antibody has 
been met with for the Rh-antigens of human erythrocytes (Race) Further 
aspects of the zone phenomenon are discussed below. 

It is agreed that agglutination and precipitation are closely allied 
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phenomena and present certain similarities to well-known reactions exhibited 
by colloids. In both there is a reduction in the dispersion of colloid particles ; 
in agglutination, these are the bacteria in suspension, and in precipitation 
the colloidal particles of the bacterial extract or the protein in solution. It is 
recognised that the chief force which keeps particles or molecules apart in a 
fluid IS the like electric charge which they bear, while surface tension is the 
cohesive force which tends to draw them- together. E.xperiinents on (he 
electrical state of B. typhosus when suspended in weak neutral saline solution 
have shown that the organisms carry a negative charge ; a reduction of this 
charge below a certain critical level will lead to their adhesion A cation 
such as sodium reduces the surface charge only when in relatively high con- 
centrations and so docs not agglutinate the bacilli unless they are combined 
with agglutinin. Bacteria sensitised by antibody behave like particles of de- 
naturated globulin ; and this supports the view that they are more or less 
coated with the antibody. Further, the complex, antigen phis antibody, has 


hydrophobic. The hydrophilic group of the antibody is believed to combine 
with the organism, thus causing the hydrophobic group to point towards the 
watery medium in which the organisms are suspended. It is therefore the 
latter group which imparts its properties to the sensitised organisms. 
Another striking resemblance to colloidal interaction is seen in the zont 
plienotiienon. For example, when the amount of precipitin is kept constant 
in a senes of tubes and gradually increasing amounts of precipitinogen 
(antigen) are added, the resulting precipitate increases up to a point, but 
beyond that point increased amounts of antigen cause diminution of the 

• ’ • •' • -‘■•--menon is also 

} modification 
henomenon is 

seen when, for instance, increasing amounts of a colloidal solution of iron 
hydroxide are added to a mastic emulsion. This phenomenon has been 
explained as being due to alteration of the electric charge of the particles of 
the one colloid by the added particles of the other, till the charge is brought 
to zero , there then occurs the ma.ximum precipitate. Further addition 
leads to reversal of the charge, and thus once more to dispersion of the 
particles. 

Even if it is the case, as seems certain, that the physical phenomena of 
agglutination and precipitation correspond with those in the interactions of 
other colloids, it must be borne in mind that the essential factor is the 
sp^cj^ccombination of antigen and antibody— of agglutinogen and agglutinin, 
of precipitinogen and precipitin ; and to this there appears to be no analogy 
m colloidal reactions Interesting results have been recorded by Topley and 
others, which suggest that in addition to the factors mentioned there is some 
specific affinity between antibody-laden organisms belonging to the same 
species. This v’lew is supported hy the observation that when mixtures of t\v^ 
species of organisms, eg. pneumococci and typhoid bacilli, are agglutinated 
by a mixture of the corresponding antisera, the clumps which form are com- 
posed practically wholly of the one kind of organism or the other. Accord- 
ingly, in Marrack's view, the antibody would be regarded as haying severa 
combining groups and thereby linking up those organisms for which it has a 
specific affinity into a sort of lattice-ivork. (The experimental results, 
however, have not been wholly confirmed ) On the same principle e 
plienomenon of precipitation would result from the aggregation of molecu es 
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of antibody with the precipitinogen These aggregates could obviously var>’ 
in the proportions of the two constituents , and this agrees with chemical 
analyses of precipitates (Heidelberger) Pijper studied by cinematographic 
methods the agglutination of typhoid bacilli and found that an anti-somatic 
serum led to the bacilli attracting each other. In the case of an anti- 
flagellar serum, the flagellar structures became coated with a sheath of 
granules, thereby being stiffened , finally a tangle of these stiff forms occurred 
mechanically from chance contacts, there being no evidence of attraction 
(d) Antiaggressins. In the case of certain organisms such as the anthrax 
bacillus, the serum of actively immunised animals does not manifest tn vxtro 
any of the properties of antibodies described above ; nevertheless it confers 
passive immunity, but it is not readily deprived of its protective action by 
treatment with the homologous organisms in the test-tube. Bail has 
attributed the action of such antisera to antiaggressins. Experimental 
evidence in support of this view has been furnished by Pettersson, who has 
shown that if anthrax aggressin and virulent anthrax bacilli be mixed w’lth 
normal rabbit serum in one case and in the other with anti-anthrax immune 
serum, and the mixtures are then injected subcutaneously into a normal 
rabbit, different results follow At the site of injection of the mixture 
containing immune serum leucocytes collect in abundance, but where the 
mixture containing normal serum was injected leucocytes are absent 
Accordingly, the antiserum appears to inhibit the action of aggressin m 
preventing accumulation of leucocytes Another example of anti-aggressm 
action is the specific effect of anti-pneumococcal type serum m combining 
with the capsular polysacchande of the corresponding type which, although 
non-toxic by itself, has aggressin functions 


UNITY OR PLURALiry OP ANTIBODIES 


In the above account different antibodies have been mentioned, but, as 
ahead)' stated, the names used merely indicate the possession of different 
properties by antisera as revealed by interaction with antigens There has 
been, and still is, dispute as to whether these properties correspond wth 
different substances or whether all the properties are borne by one — the 
' pluralistic ’ and ' Unitarian ' views respectively In the first place, we may 
say that there is no justification for inferring the existence of a particular 
substance corresponding to each reaction In all cases the union of the 
antibody causes some change in the bactenal antigen, and this may result m 
various effects according to the method of test Thus we may have agglutina- 
tion, precipitation, increased adhesiveness and opsonic action, or fixation of 
complement, w hich in its turn may lead to the death of the organism or to its 
being opsonised, or, lastly, to no observable effect All those effects maj' 
possibly be produced by the same antibody, and the close relation between 
both agglutination and precipitation and complement fixation has already 
been shown. Frequently the obvious manifestations of the interaction 
between antigen and antibody depend on the presence of some third agent 
which, as It were, acts as an indicator. Thus, Hartley found that antito.xic 
serum from ’ ' did not flocculate the cor- 


responding ' s toxic effects as tested by 

injection in . ler hand, an anti-typlioid 

serum which had been similarly extracted still agglutinated typhoid bacilli 


in as high dilution as the untreated serum, while in the latter reaction the 
essential part played by eIectrol>'tes m flocculating the agglutinin-laden 
bacteria has already been mentioned 
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It does not follow from what has been stated above, however, that all 
antibody molecules are similar in the sense that each is capable of bringing 
about in a proportionate degree the various reactions which have been 
descnbed. The study of antisera in the course of development shows that at 
different stages there is considerable variation in the extent to which the 
different antibody reactions are produced. Also, it has been found in the case 
of hasmolytic serum that the immune-body shows qualitative changes at 
different stages It does not seem possible to reconcile such results with the 
idea of a single antibody. Therefore, it would appear that antibodies may 
differ in other respects than in their combining groups ; that is, they are not 
uniform in their reacting properties. On the other hand, various reacting 
properties may be held by the same antibody. A further point which must 
be considered in regard to the action of an antiserum, to an organism, 
is that the latter may contain a multiplicity of antigens, each of which may 
lead to the development of a corresponding antibody. The flagellar, somatic, 
and antigens of the typhoid bacillus illustrate this. According to Fcli^ it 
is the somatic antibody which is most active in leading to fixation of comple- 
ment. Again, different animal species may respond to the injection of the 
same antigen by the production of antibodies which are not identical in 
their properties. 

THE NATURE AND SOURCE OF ANTIBODIES 

The earlier work on these questions was concerned mainly with antitoxins, 
and various theones were put forward. One of the first views to be advanced 
was that antitoxin molecules represented toxin molecules which had been in 
some way modified by the cells of the body ; but it was soon established 
that this view could not be maintained It was found that the amount of 
antitoxin produced by an animal may be many times greater than the equiva- 
lent of toxin injected , and, further, that when an animal with a practically 
stationary antitoxin level in its blood, is subjected to repeated bleedings, the 
amount of antitoxin in the blood may some time afterwards be greater than 
it was immediately before bleeding, even although no additional toxin is 
introduced. Similarly, if the blood of an actively immunised animal contain- 
ing antibodies is removed and replaced by the blood of a normal animal, the 
antibodies are rapidly restored The fatter circumstances show that anti- 
toxin IS formed by the cells of the body. The liew that the antigen does not 
enter into the composition of the antibody has been confirmed in other ways. 
For instance, in the case of an antigen composed of the arsenical drug ato.xj’l 
diazotised and combined with foreign protein, the resulting antiserum 
derived from a rabbit, when tested in a considerable quantity contained no 
demonstrable amount of arsenic (Beiger and Erlenmeyer). This being so, it 
remains to be determined whether the antibody is a normal constituent of the 
cells which is formed in increased quantity or whether it is a new product 
The presence of representatives of a great multiplicity of antibodies in normal 
sera is a highly significant circumstance, as these are undoubtedly the pro- 
ducts of cellular activity, and in all probability molecules of corres^wnomg 
nature occur as constituents of cells ; an increased formation and setting free 
of these may therefore e.xplain the production of antibodies in active im- 
munity It should be noted that many of those natural antibodies act on 
antigens w'lth %\hich the animal’s tissues cannot possibly have come m o 
prenous contact But do al! antibodies have normal representatives ? 
not, then the molecules of antigen must by a sort of impress alter 
figuration of molecules in the cells so that tliey function as antibocli 
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Regarding such an occurrence, however, we know nothing As to the manner 
in which the antigens influence the cells, there is evidence that m the li\ ing 
body bacterial toxins enter into combination with, or, as it is often expressed, 
are fixed by the tissues — presumably by means of certain combining affinities 
This has been shown by the experiments of Donitz and of Heymans with 
tetanus toxin. In such cases there is no evidence as to where the toxin is 
fixed beyond that supplied by the occurrence of symptoms \Vc may note, 
however, that it is not a serious objection that in certain animals other tissues 
than that of the central nervous sj’stcm can combine wath tetanus toxm — 
this might take place with or without resulting symptoms It is, moreover, 
evident that the molecules in the cells which unite with toxin may, when set 
free, act as antitoxin by neutralising the toxin and thus preventing its 
combination with the cells. 

The Nature of Antibodies From filtration experiments Broclie, and 
Martin and Cherry, deduced that the antitoxins w ere large molecules It had 
previously been found that the precipitate of globulins obtained by adding 
appropriate concentrations of magnesium or ammonium sulphate to anti- 
diphtheria serum, anti-tetanus scrum, or the milk of immunised animals, 
contained practically all the antitoxin. Further, it was determined by ide 
and Lemaire, Pick, and others that the antitoxin was not uniformly dis- 
tributed amongst the various globulin fractions which may be obtained from 
sera, but that it was largely restricted to a particular component — the 
pseudoglobulin m the case of diphtheria antitoxin from the horse Hiss and 
Atkinson, and also Ledmgham found that the percentage amount of globulin 
precipitate from the serum of the horse increased after it was treated in the 
Usual way for the production of antitoxin. This increase, howev’er, does not 
appear to be an essential accompaniment of antibody formation , further, 
the actual antibody has been estimated to account for only a part of such 
increase. Similar results have been obtained with regard to the other classes 
of antibodies. They are in general found along with the globulins, though the 
fraction with which they arc chiefly associated vanes m different cases : and 
the possibility must be considered that they may merely be adsorbed by the 
globulins It may be mentioned in this connection that according to Huntoon 
ft al , antibodies separated from their combination with pneumococci diu not 
correspond in their reactions, wath serum proteins , for example, they were no 

-if..* , , , . .*<. solutions But, 

really globuhns. 

, been sought by 

two methods : ’(I) by ascertaining their rate ot sedimeniaiion in relation to 

that of the various constituents of normal serum in Svedberg s 

and (2) by determining their rate of migration in an electric field with the 

electrophoresis apparatus of Tiselius, 

been shown that the rabbit produces 


seium globulin m molecular weight, i 
injections of toxin the antitoxin bcl • 

following intravenous injections of pneumococci the r«u a } 
heavier than normal globulin Electrophoretic studies have 
of the three globulin components of normal rabbit or horse scrum \ 
be distinguished, namely, alpha, beta, and gamma, the last is associated with 
antibodies in the rabbit, and the same is true in man In the horse a new 
component may occur intermediate between beta and gamma - 

seems to consist wholly of antibody, since it is removed by a isorp lo 
homologous antigen, or there may be antitoxins a'^socia ct wi i 
and gamma globulins (Kekcwik et al ). 
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Methods of purification. The association of antibodies with certain serum 
globulins affords a valuable basis for practical methods of concentrating and 
purifying antitoxins and other antibodies. The following procedures have 
been described by Pope in the case of anti-diphtheria serum from the horse 
for producing a ‘ refined ' antitoxin. (1) The pseudoglobulin fraction 
(separated by 30 to 50 per cent, saturation wdth ammonium sulphate) which 
contains practically all the antitoxin, is subjected to very slight treatment 
with proteolytic ferments, e.g. fibrinolysin (extracted from fibrin wth acetic 
acid or by autolysis in 0*2 per cent, tricresol solution) or pepsin, short of 
hydrolysis or digestion as ordinarily understood ; then the non-antitoxic 
part is removed by critical heating (58® C. for thirty minutes) in 15 per cent, 
ammonium sulphate solution at an acid reaction, thus leaving the antitoxic 
moiety of the pseudoglobuHn in solution. A modification of this method is 
applicable to plasma. (2) The crude pseudoglobuHn fraction is denaturated 
by critical heating in acid solution until it is rendered insoluble. Then by the 
action of pepsin on the coagulum a soluble portion is split off which contains 
much of the antitoxin ; this is salted out. Another procedure which has 
been employed for isolating antibodies consists in combining a particulate 
antigen, eg. bacteria, with the corresponding antibody, or in the case of an 
antigen in solution, such as a toxin, obtaining a precipitate with the antito.vin. 
Material remaining m solution is then removed by centrifuging, and the 
residue is washed and finally dissociated by altering the reaction or the salt 
content of the medium or by electrical dialysis. It has been stated by 
Northrop that digestion of a diphtheria to.xin-antitoxin precipitate with 
trypsin and subsequent fractional salting out resulted in removal of the 
toxm and the isolation of a very pure antitoxic protein. 

Regarding the nature of the complex which is formed by antigen and 
antibody, little is known. As has been seen, prorided the action of comple- 
ment is excluded the combination is almost always a reversible one. It has 
been supposed that the antibody globulin forms a layer covering the antigen 
and that a regular arrangement of the molecules takes place on the analogy 
of that which is supposed to occur at surfaces of separation under the influ- 
ence of polar forces, as in a condensed film of palmitic acid floating on water, 
where the carboxyl groups are all orientated towards the water and the 
hydrocarbon chains towards the air Owing to the small amount of antiserum 
which may be effective in bringing about an immunity reaction, e g. agglutina- 
tion, It is possible that the antibody need not completely coat the surface of 
the antigen, but simply becomes attached at particular places. In this way 
the antibody would ser\'e to link the molecules jof the antigen together and 
so produce a lattice {vide supra) The actual amount of antibody contained 
in an antiserum has been measured chemically in the follmving way (Heidel- 
berger et al ) An anti-pneumococcus serum is precipitated with the corre- 
sponding specific carbohydrate, which contains no nitrogen Then the 
precipitate is washed and its nitrogen content ascertained ; this determines 
the antibody content of the antiserum. , 

Source of Antibodies. The local production of antibodies has been 
demonstrated in several instances. In the case of rabbits undergoing 
immunisation with killed V cholera, Pfeiffer and Marx found a greater 
concentration of bactericidal antibody in the spleen, bone marrow, and IjTnp 
glands than m the blood. Similar observations have been made vath regar 
to agglutinins ; and it has been showm that after intradermal injections o 
killed organisms the lymph glands draining the area actually _ ® 
body and do not merely accumulate it (McMaster and HudacK e ■} 
After the injection of foreign protein into the anterior chamber of the ej e. 
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precipitin has been detected in the aqueous humor of that eye before it was 
present in the bJood (Dungern). Haemolytic immune-body is stated to have 
been formed after a few daj's in tissue cultures of bone marrow and lymph 
gland, and bactericidal immune-body in that of splenic tissue, to which the 
respective antigens have been added Experimental investigations aimed at 
discovering the chief sites of origin of antibodies have jielded comparatively 
few facts Thus Buttle has found in the case of rabbits immunised with 
diphtheria toxoid that neither the blood, liver and spleen, nor the skin is 
predominantly responsible for the production of antitoxin. In view of the 
phagocytic capacity of cells of the reticulo-endothelial system, it has been 
supposed that they produce the antibodies. Sabin injected parenterally a 
finely particulate suspension of a dye-protein antigen and found that the 
occurrence of antibodies in the serum coincided with the disappearance of 
the dyed particles from the cells of the reticulo-endothehal system. At 
this time shedding of surface films from the monocytes and macrophages 
vas observed when these cells were examined ta vitro. It is inferred that the 
shed material contributes the antibody globulin to the blood. It appears 
likely that these cells are concerned in the production of antagonistic and 
protective substances, but no quite conclusive evidence for this has been 
obtained. The phenomenon of ' delayed response ' on reinjection of toxoid 
(p 84) has led to the conclusion that the time rates of the immunity response 
of dirteient tissues may vary Attempts to demonstrate interference uith 
antibody formation by ' blockade ’ of the reticulo-endothehal system ha\’e 
led to inconclusive results 

The incorporation of amino-acids of the food in antibody has been shown 
as follou’s. Actively immunised animals at the stage of declining antibody 
production were fed Mith ammo-acids containing heavy nitrogen as a marker 
The latter was after^vards detected in precipitates formed by adding the 
antibod}' to the soluble antigen or hapten (Schesnheimer et at ) 

Antibody, e g antitoxin, when present in the serum, occurs also in the 
lymph and various secretions and transudates, but is present in those m 
much less concentration than in the blood Antitoxin is present in the milk 
of actively immunised mothers, and a certain degree of immunitj' can be 
conferred on new-born animals by feeding them with such milk, as has 
been shown by Ehrlich, Klemperer, and others Bulloch also found m 
the case of hjemolytic sera that the antibody is transmitted from the 
mother to the offspring in the milk. In the case of goats and cattle it 
is the colostrum which is specially rich in antibodies Klemperer found 
traces of antitoxin in the yolk of eggs of hens whose serum contained 
antitoxin 

.Mechanism of Axtibodv Formation- Ehrlich’s side-cham theory vas 
an application of views regarding the assimilation of nutrition by cells based 
on structural conceptions of organic molecules A molecule of protoplasm 
may be regarded as composed of a functional centre or atom-group along 
with a large number of side-chains consisting of atom-groups with combining 
affinity for nutritive substances of complc.x constitution Bj’ means of the 
latter the living molecule is supposed to be built up in the process of nutrition, 
and lienee the name receptors given to the combining apparatus In consider- 
ing the application of this idea to the facts of acquired immunity, it must be 
kept in \new that n apparently ever 5 ’ case the antibody enters into com- 
bination with its corresponding antigen llie dual constitution of toxins 
and Kindred substances, as already described, is also of imjKirtance in 
this connection M'hen toxins are introduced into the tissues they arc fixed, 
like nutritive substances, by their liaptophore groups to the receptor^ of the 
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cell protoplasm, but they are unsuitable for purposes of nutrition. If they 
are in sufficiently large amount, the loxophore part of the to.vin molecule 
produces disturbances of the protoplasm which arc shown by symptoms of 
poisomng. If, however, they arc in smaller quantity, as in the early stages 
of immunisation, fixation to the protoplasm occurs in the same way : and 
as the combination of receptors with toxin is supposed to be of firm nature, 
the receptors arc lost for the functional purposes of the cell. The receptors 
thus lost become replaced by new ones, and when additional tovin molecules 
arc introduced, these new receptors are usetl up in the same manner as before. 

’’ .* ■ '■■ ■ ors becomes an 

The receptors 
■ ■ itoplasm of the 
. ^ ^ • . blood stream, 

where they constitute antito.vin molecules. Thus there are three factors in 
the process, namely (1) fixation of toxin, (2) over-production of receptors, 
(3) setting free of receptors produced in excess. Accordingly, identity is 
claimed for (a) those receptors which, as part of the cell protoplasm, anchor 
the toxin to the cell and so are essential to the occurrence of toxic phenomena, 
and (b) the antitoxin molecules, receptors m the free condition in the blood, 
wliich unite with the to.vin. and thus prevent the to.vin from combining with 
the cells and c.xcrting a pathogenic action. From what has been stated it is 
manifest that any cell w'liich fi.xcs to.vin is potentially a source of antito.vin, 
eg. cells of the nervous system in the case of tetanus, though other tissue 
cells not seriously affected by to.vin which they ha\ c fj.xed, may act in the 
same way 

Ehrlich's theory accords well with many of the known facts of active and 
passive immunity In the case of antito.vins, wc see that their formation 
should depend upon the combining affinity of the toxins for tissue cells and at 
the same time be independent of the poisonous properties ; this accords with 
the immunising action of toxoids. It is to be noted, however, that it does not 
explain active immunity apart from the presence of antibodies in the serum. 
For example, an animal may be able to withstand a much larger amount of 
to.vin than could be neutralised by the total amount of antitoxin in its serum, 
or may possess immunity when antibodies have disappeared from the blood. 
This might be explained by supposing a special looseness of the cell receptore 
so that the toxin-receptor combination became readily cast off ; also it is 
known that the response to a secondary stimulus is greater both in rate and 
amount than that to the primary. The question arises, however, whether 
there may not be really an increased resistance of the cells to the toxic 
action — a genuine tissue immunity. An observation made by Meyer and 
Ransom is also difficult of explanation, according to the view that anti- 
toxin IS formed by the cells with which the toxin combines and on which it 
acts. They found that in an animal actively immunised agviinst tetanus and 
with antitoxin beginning to appear in its blood, the injection of a smg e 
M L D of tetanus toxin info a peripheral nerve brought about tetanus wit 
a fatal result On the other hand, the injection of antitoxin into the sciatic 
nerve above the point of injection of toxin prevented the latter from reaching 
the cells of the cord One can scarcely imagine an explanation of these ac s 
if antitoxin molecules were in process of being shed off by the cells o e 
nervous system. Further, when the serum of an animal contains a large 
amount of antitoxin, how does the additional toxin injected reach the ce s 
in order to influence them as we know it does ? This also is difficult ^ 
stand, unless the toxin has a greater affinity for the receptors in the wUs i 
for the free receptors (antitoxin) in the serum. A further difficulty is a 


IMMUNITY 


117 


general, antibodies cannot be recovered tfrany marked degree from the blood- 
free tissues of immunised animals ; this, however, is not a serious objection, 
since the cells are secreting antibody and not necessarily accumulating 
it. On the other hand, the existence of sessile receptors is supported by 
observations in connection with anaphylaxis. The multiplicity of antibodies 
which may be developed, demands that a preformed receptor for each antigen 
should exist in the cellular protoplasm , this assumption is an unsatisfactory 
feature of the theory One cardinal point which is not taken into account is 
that antigens, in respect of their foreign specificity, differ from the natural 
food-stuffs of cells, since such materials before absorption are normally 
deprived of specificity by the ferments in the alimentary tract. Accordingly, 
antibody formation represents a biological reaction on the part of the tissues 
when they come into contact with substances possessing such foreign 
specificity. A recent theory which embodies the essentials of Ehrlich's view, 
is that the injected antigen (or its derivative) on reaching the sites where 
globulin is being formed m the tissues, leads to some distortion of the pro- 
ducts which is characteristic for the particular antigen (Breinl and Hauro- 
wiu) Since antibodies tend to be formed for a considerable time after 


producing mechanism persists. There is no clear evidence on which to decide 
between these possibilities However. Burnet has drawn attention to the 
analogy between antibody formation and the development of adaptive 
enzymes by bacteria, which continue to be produced after contact of the 
substrate with the culture has ceased, so that descendants of the onginal 
cells still manufacture the enzymes. On this view antibodies to proteins are 
to be regarded as proteinases which have been developed as an adaptive 
response of the cells of the retkulo-endothelia! system to the foreign protein 
with which they have come into contact. The experiments of Danielli et al. 
support their conclusion that the specificity of an antibody depends on the 
configuration of the pro'tem molecule, since it was found that when an anti- 
serum is spread out m a thin layer at a \vater-air or water-oil interface, 
denaturation consequent on unrolling of the molecules is associated with a 
loss of the capacity of the antibody to react specifically with the homologous 


denaturation by uncurling of the ends of the protein molecule. The dye, 
methyl blue, was added and after the mixture had stood for half an hour it was 
dialysed This led to gradual removal of the alkali and also some of the dye, 
and finally to a precipitate which contained proportionally much more dye 
than that present in precipitates from similar mixtures which were cither 
rapidly neutralised or which contained no alkali Accordingly, it was con- 
cluded that the globulin had acquired a new configuration complementary 
to that of the dye (antigen) molecule and then precipitated the latter, thus 
acting like an antibody Another procedure was to mix a solution of globulin 
wath an azo-dye derived from arsanilic acid, keep the mixture in sliglitly 
alkaline solution for two weeks at 67" C., t.e. below the denaturation tempera- 
ture of the protein, then dialyse successi\*ely against saline, arsanilate solution 
and again salt solution. The product, which was dyc-free, acted as an anti- 
body, causing precipitation and complement fixation along with the homolo- 
gous antigen By a procedure similar to the latter a type-specific antibody 
for pneumococci was also obtained 
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Non-specific factors influencing antibody formation. Acting on the supposition 
that antitoxin formation is ailied to a process of Secretion, Salomonsen and Madsen 
tested the effect of pilocarpine and found that it had the property of producing a marked 
rise in the amount of antitoxin present in the blood of an animal. Walbum and others 
have also found that many metallic salts have a similar property of stimulating the 
formation of antibodies They were tested on immunised animals after the antibody 
content had fallen to a steady level. Salts of different metals vary much in their action, 
but among the metals of the iron group mangauese has the greatest effect ; the most 
efficient salt of all ^vas beryllium chloride. Mackte has shown that the normal antibody 
of the rabbit for sheep’s corpuscles is increased by extensive bleedings and also by 
the administration of manganous chloride, berydlium chloride, colloidal manganese, sal- 
varsan. etc. These non-specific factors are irregular in their action, however. The ex- 
planation of non-specific stimulation is quite obscure. Further aspects of non-specific 
formation of antibodies are discussed under natural immunity. 


PASSIVE IMMUNITY : THERAPEUTIC USE OP ANTISERA 

When antito.xins were discovered it was found that the serum of an 
actively immunised animal, if given in a sufficient dose parenterally to a 
susceptible individual, rendered the latter immune. The same principle 
holds in the case of other antibodies. The time taken for the antibody to 
reach the blood and tissues, and the concentration attained, depend on the 
route of injection Such passive immunity, being due solely to the fised 
amount of antibody introduced, is of much shorter duration than active 
immunity, where the antibody continues to be formed for a considerable 
time Further, if. as is usually the case, the antibody is contained in serum 
of a species foreign to the animal injected, its disappearance is more rapid 
With repeated injections the rate of elimination is increased. 

Rate of absorption of antibody and concentration in the blood By intra- 
venous injection the maximum concentration is reached in the blood at 
once Henderson Smith showed that after subcutaneous injection absorption 
IS slow, the highest lei-el of antibody in the blood not being reached for two 
to three days , also the blood level never approaches the ma.ximum obtained 
after intravenous injection. Intramuscular injection is intermediate both as 
regards rate of absorption and level reached in the blood. Three days aft » 
an injection by any of these routes the antitoxin content of the blood is the 
same The species of animal yielding the antibody also affects the results m 
the absence of any local irritation at the site of injection, e.g. after an intra- 
muscular injection m man, pneumococcus antibody from the rabbit reaches 
the blood more quickly and in greater amount and disappears more slowly 
than that from the horse Antibody' practically' fails to reach the cerebro- 
spinal fluid from the blood stream, although it is absorbed in the 
direction. Accordingly for the treatment of meningitis, serum should be 
injected mtrathecally, as well as by other routes. But antibodies appear to 
pass the brain capillaries (Friedemann). In certain animals, such as the 
gumea-pig and rabbit, the actively or passively immunised rnother tran^mi^ 
antibodies to the feetus through the placenta. The child in ulero may be 
passively’ immunised by’ producing actir'fe or passive immunity in the mother. 
But recent work has indicated that antitoxin from the horse does not readi v 
traverse the human placenta (Chesnej’). ... t 

Duration of Passive Immunity. After an intravenous injectiem of an i- 
serum from a foreign species into a normal animal there is a rapid disappear- 
ance of the antibody from the blood, half bemg gone in si.x to tuen^^ o r 
hours , this loss is probably due largdv to diffusion into the tissues, t 
more gradual, progressive fall in the blood level occurs for six or ’ 

by which time only a tenth of the original amount may be present. i 
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followed by a phase of accelerated loss corresponding in time to the appear- 
ance in the blood of precipitms to the foreign protein When there has been 
a prevnous immunity reaction * *’ ' ‘ ’• 

of antibody is greatly accelerat 
the maximum concentration ii 

and intensely as possible throughout the tissues (ivith the exception of the 
central nervous system) it should be administered intravenously ; and this 
treatment may be reinforced by intramuscular injections In order to main- 
tain a state of passive immunity injections of antiserum should be repeated 
intramuscularly at weekly intervals, but ••vith repeated doses the rate of 
destruction of antibody increases (Glenny et al.). If spaced injections of 
foreign serum are given the possibility of anaphylaxis must be remembered 
When it is necessary to administer large doses of antibodies concentrated 
preparations of antisera arc commonly used, ivhich consist of the globulin 
fraction containing the antibodies. These serve the double purpose of re- 
ducing the volume injected and also of diminishing the amount of foreign 
protein, thereby lessening the tendency to serum-disease. 

Therapeutic use.* The chief human diseases treated by antitoxic sera are 
diphtheria, tetanus, botulism, scarlet fever and other streptococcal toxaimias, 
staphylococcus infection, gas gangrene, snake-bite, and scorpion sting. The 
stage of the disease at which antitoxin therapy is started has an important 
influence on the result It has been shown experimentally that when an 
animal has received a fatal dose of toxin, the earlier antitoxin is administered, 
the smaller the dose of antitoxin required to save its life After a certain 
interval it is impossible to secure survival however large an amount be given 
This may be the case even if antitoxin is administered before symptoms have 
appeared, since the antito.xm may be incapable of dissociating toxin fixed by 
susceptible cells, or the combined toxin may have already inflicted irreparable 
damage on these cells. 

Antibacterial sera have chiefly been used in cerebro-spinal fever, pneu- 
monia, dysentery, streptococcus infections, and plague The methods of 
application and the general results uill be dealt with under individual diseases. 
Antibacterial sera have not. on the whole, proved as efficacious therapeutic 
agents as antito.xic sera. A question of the highest importance is adequate 
dosage of the antibody It has been found expenmentally that an anti- 
bacterial serum in amounts short of the curative dose may produce little or 
no beneficial effect Further, beyond a certain degree of infection no 
amount of senim «ill protect. 

As has been shown above, antibactenal sera require for their bactencidal 
action a sufficiency of complement , as this disappears when a serum is kept, 
the unsatisfactory results with this class of sera may be due to a deficiency of 
complement Or it may be, as Ehrlich suggested, that the complement 
naturally existing in human serum does not suit the immune-body in the 

' The Therapeutic Substances Act. 1925. applies to the manufacture for sale of 
antisera in the same nay as to vaccines. The Therapeutic Substances Kegulations, 
1031, 1035, and 1030. prescribe conditions mth respect tonhich commercial therapeutic 
antisera must conform as regards their mode of preparation, sterility, freedom from 
abnormal toxicity, and content in solid matter , also in the case of diphtheria and tetanus 
antitoxins, gas gangrene antitoxins (perfringens. (cdematiens. vibrion seplique, and 
histolyticus). staphylococcus antitoxin, anti-dysentcry serum {Shfga and others), and 
anti-pneutnococcus serum (types I and II). the methods of standardising and the potency 
in reltUon to volume oS serum or ne/gbt of drj' products are prescribed Provision is 
also made for the fact that on keeping antisera their potency gradually decreases , this 
loss being slow at temperatures near 0 C and much more rapid at 37" C Antisera 
containing antiseptics should not be frozen, as concentration may occur in the proteio 
material with consequent destruction of the antibodies 
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antiserum and so is not taken up through the medium of the latter and 
brought into combination wth the oi;ganisms. Tliere is the further possi- 
bility that even though the complement should be taken up, the bactericidal 
action may not be sufiicicntly active to cause the death of the bacteria. 
In both cases it is clear that an extracellular bactericidal action cannot be 
produced by the particular immune-body in association with the complement 
of the animal concerned. There is no doubt that this question of differences 
in complements is a serious one, and that both combining affinity and cyto- 
toxic action of complements must be considered in each case. 

In such diseases as ccrebro-spinal /ever and pneumonia the opsonic 
mechanism of the infected individual may plaj' a considerable part in 
successful resistance. The favourable c/Tccts following treatment with anti- 
sera may thus, in some case.s, depend on an augmentation of the opsonic 
powers of the body 

Combined Active and Passive Immunisation. The injection of anti- 
bodies along with the corresponding organisms or toxins (or toxoids) often 
does not prevent the latter from producing active immunity. Accordingly, 
It IS becoming customary when prophylactic antiserum treatment is required, 
to inject at the same time the corresponding antigen. Thereby, in addition 
to passive immunity, the more lasting active immunity is developed. 

INFECTION IMMUNITV : TISSUE IMMUNirV 

In some infections manifestations of Immunity are met uith which cannot 
be explained satisfactorily by the mechanisms so far considered. For 
instance, after an individual has been infected with Tr. pallidum the skin 
soon ceases to respond to a further inoculation uith the spirochretes at a 
fresh site by the development of another chancre. This resistance to ' super- 
infection ' persists so long as the body still harbours the spiroclwetes, but if 
these are destroyed as the result of administering chemotherapeutic agents, 
the susceptibility of the skin to rcinoculation soon returns. It appears there- 
fore that this form of immunity lasts only so long as the infection persists. 
Accordingly, this condition has been called * infection immunity It must 
be noted, however, that such immunity is only of a very limited nature, 
since the refractor}' state of the skin is not necessarily accompanied by absence 
of lesions m other parts of the body. Analogous phenomena are presented in 
tuberculosis In other infections, especially those caused by protozoa, a 
similar state is met with, e g. in malana, wlierc during latency of the disease 
attempts at supennfeclion fail. Again, in piroplasmosis of cattle, after re- 
covery from the acute attack the blood remains permanently infective for 
fresh animals, although the original host presents no further signs of disease 
This state of non-stenlismg immunity is sometimes called ' premunition 
Both in malana and syphilis the presence of antibodies to the parasites can 
be demonstrated , it would appear, however, that in these conditions other 
factors also conduce to immunity, such as a heightened capacity of the hssues, 
especially the reticulo-endothehal sj-stem, to destroy the parasites, possibl} 
accompanied by the development of some form of tolerance to those wmc 
persist To this the term ‘ tissue immunity ‘ is applied Another example o 
tissue immunity is the increased bacteriostatic property exhibited ^ 

tubercle bacilli by the mononuclear phagocytes of immunised animals m i 

absence of immune serum. This has been demonstrated .experimentaJly > 

implanting the phagocytes loaded with bacilli into the anterior cham tr 
the eyes of normal rabbits (Lurie). ITje nature of such forms of immum y 
obscure, however. 
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NATURAL IMMUNITY 

The consideration of this subject has been placed after that of acquired 
immunity, as the latter supplies facts which indicate in what direction an 
explanation of the former may be looked for Certain aspects of the subject 
have been discussed already m relation to resistance and susceptibility to 
infection There may be said to be two mam facts with regard to natural 
immunity The first is, that there are very many species of bactena — the 
so-called non-pathogenic organisms — %vhich are practically incapable, unless 


ing living bacteria. The second fact is, that there are certain bacteria which 
are very virulent to some species of animals, whilst they are almost harmless 
to others , the anthrax bacillus, the glanders bacillus, and the gonococcus may 
be taken as examples Now it is manifest that natural immunity against 
such organisms might be due to a special power possessed by an animal of 
destroying the organisms when introduced into its tissues It might also 
possibly be due to aainsusceptibility to, or power of neutralising, the toxins of 
the organisms , for the study of the various diseases shows that toxins (m 
the widest sense of the term) are the agents by which morbid changes are 
produced, and that toxin-formation is a property common to practically all 
pathogenic bacteria As a matter of fact, natural immunity in most cases is 
manifested against infection, t e consists in a power possessed by the animal 
of destroying the living bacteria when introduced into its tissues such a 
power may exist though the animal is still susceptible to the separated 
toxins These two factors will now be dealt with separately 

1. Variations in Natural Bactericidal Powers. The fundamental fact here 
is that a given organism may be destroyed rapidly in one animal, whereas m 
another it may multiply quickly and produce morbid effects The special 
powers of destroying organisms m natural immunity have been ascribed to 
{a) phagocytosis, (6) action of the serum by itself, and (c) combined action 
(a) phagocytosis The part played by the leucocytes and the phagocytes 
of the reticulo-endothehal system, which are accumulated especially in the 
spleen, liver, bone marrow, and lymph glands, m removing organisms from 
the blood and lymph, has already ^en dealt with (pp 58. 98) The chief 


immunity present, but are probably in themselves capable of explanation. 
The fundamental observations of Wright and Douglas showed that an 
essential factor in phagocytosis is the labile opsonin of normal serum, which 
has combining affinities for a great many organisms, as already stated It is 
possible, too, that m addition to acting on the organisms the serum may also 
contain ‘ stimulins ' which enhance the activities of the phagocytes (A 
Wright) In many instances, however, natural antibodies are concerned in 
tlie opsonic action, as in the case of the protective effect of normal fowls' 
senim against pneumococci in mice (Bull and McKee) But the all-important 
fact IS that whether phagocytosis occurs or not appears to depend upon 
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certain bodies in the serum. As yet, we cannot say whether the phagocytosis 
in a given serum, observed according to the opsonic technique, always runs 
parallel with phagocytosis in the tissues of the animal from which the serum 
has been taken, but it has been found in many instances that the results in 
VIVO and tn vitro closely correspond. In the non-occurrence of phagocytosis 
seen when an organism acquires increased virulence, two main factors are 
concerned. On the one hand, as has been demonstrated in certain instances, 
the msensitiveness to opsonic action may be associated %vith recognisable 
changes in the organism, notably the formation of a capsule. On the other 
hand, the condition of virulence is sometimes due to the production by the 
organism of substances such as aggressins which have an inhibitory effect 
on phagocytosis ; in the case of capsulate organisms the capsular material 
diffusing out into the surrounding medium has this effect. Ingestion is, 
however, only the first stage in the process : intracellular destruction is the 
second, and is of equal irnportance. But the mechanism by which the 
phagocytes of the reticulo-endothelial system destroy ingested bacteria is still 
obscure. What may be called intracellular bactericidal action probably 
varies in the case of phagocytes of different animals, and, further, bacteria 
sometimes survive the cells which have ingested them, the latter undergoing 
necrosis and disintegration In other instances, the organisms do not appear 
to suffer from their intracellular position ; an example of this is afforded in 
the case of tubercle bacilli ingested by mononuclear phagocytes of normal 
animals. Vanations in the susceptibility of organisms to the intracellular 
bactericidins is thus another important factor in natural immunity ; but, so 
far, these differences cannot be explained. 

(6) Bactericidal action of the serum Lister originally observed that putre- 
factive bactena did not grow readily in blood serum The bactericidal action 
of serum was specially studied by Nuttall, and later by Buchner and Hankin, 
who believed that this property was due to certain substances derived from 
the spleen, lymphatic glands, thymus, and other tissues rich in leucocytes 
To these substances Buchner gave the name of alexins. Then the question 
naturally arose as to whether this bactericidal power varied in different 
animals in proportion to the natural immunity enjoyed by them. The earlier 
experiments of Behring appeared to give grounds for the belief that this was 
the case He found, for e.xampic, that the serum of the white rat, which has 
a remarkable immunity to anthrax, had greater bactericidal powers than that 
of other animals examined. Further investigation, however, has shown that 
this IS not an example of a general law ; and that the bactericidal action of 
the serum does not vary pan passu with the degree of immunity. In some 
cases non-pathogenic and also attenuated pathogenic bacteria can be seen to 
undergo rapid solution and disappear when placed in a drop of normal serum 
Normal human serum is only slightly bactericidal towards the gonococcus, 
while this organism is readily killed by the sera of many other mamma s 
which are insusceptible to the infection (Abdoosh). Again Schutze and ot ers 
have shown that strains of mice which are markedly resistant to salmone a 
infection, possess more natural antibody to these organisms than do suscep - 
ible strains However, in the case of many pathogenic organisms, sue as 
staphylococci and streptococci, the serum may have no direct bactenci 
effect at all. 

As regards the mechanism of the bactericidal action of 
has been explained earlier that Buchner's alexins correspond 'vitn i e c 
nikoff’s cytases and Ehrlich’s complements, usually acting in association wi 
a natural analogue of immune-body. As already stated, 
not increase in amount during immunisation ; also there is no sa is 
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evidence that its source is the leucocytes or that it is set free from them only 
after the blood is shed, as has been maintained by various French writers. 
In the case of the hiemolytic action of a normal serum, it has been shown 
that, in addition to complement, as a rule a natural immune-body is also 
concerned, the process being similar to that m the case of an artificially 
developed hajmolytic serum In many instances an analogous condition 
obtains also in the case of normal bactencidal sera. For example, ox’s 
serum, heated at 55° C . contains a natural immune-body to V. cholera which 
can be activated by the addition of complement so as to produce a bacteri- 
cidal action , though complement is by itself without any such effect Jlackie 
and Finkelstein have showm that a normal serum may contain a number of 
such natural immune-bodies which are specific in character , and there may 
even be differences with respect to strains of the same species of organisms. 
A difficulty emphasised by Gordon et at is the number of such natural anti- 
bodies required in order to account for all the bactericidal, etc., effects pro- 
* ' ngly, it may be supposed also that 

which are relatively non-specific , 
Variations in bactericidal power 
of the serum due to complement as tested tn vtiro. however, do not explain 
the presence or absence of natural immunity against a living organism, eg 
the anthrax bacillus. In some cases, for e.xample, it has been found to be 
considerable, while the organisms flourish in the body and the animal has no 
immunity 

In addition, bactencidal action has been shown to be possessed by certain 
substances extracted by ph>'sical or chemical means from leucocy tes-^CK^ins, 
and also from platelets— (It has been shown that the blood-platelets 

very rapidly J ' > t i • 

injected into 1 
certain cases ( 

complement, not invariably destroyed at 55° to 60° C. for half an hour, and 
are little affected by salt concentration Moreover, their action is a direct 
one, immune-body not being concerned, and is efficient on different organisms 
from those killed by complement Their activity, however, is found to vary 
greatly in the case of different animals It is generally held that bodies of the 
leukin class are set free only on destruction of the cells, though some writers 
consider that this may occur also by a process of secretion But within the 
cells such substances apparently play an important part in the intracellular 
killing of organisms, and variations in resistance may sometimes depend on 
them Another type of bactericidal substance exists normally in serum and 
acts especially on B anihracts and certain other Gram-positive organisms, 
which Pettersson has desenbed as fi-lystn This differs from complement in 
many respects, being especially more thermostable, it consists of several 
components. Thermostable tactencidal substances for organisms of the 
coll, salmonella, typhoid, and dj'sentery groups have also been found in 
scrum Lysozyme occurs in various secretions, especially tears, and m tissues , 


the combined action of scrum and phagocytosis on bacteria In this way the 
summation effects of extra- and intra-cellular antibactcnal mechanisms are 
obtained This may be done by exposing the organisms to the action of w hole 
blood By this method a definite correlation has been found to exist betw ecn 
the bactericidal cower of the blood of rats for B f>eslts and immunity to 
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infection with that organism (Malone, Arari and Naidu). Similarly, Bull and 
Tao have shown by using citrated whole blood inoculated w'th varying 
doses of pneumococci, that m the case of an insusceptible species (chicken) 
the inoculum required to yield growth of the organisms is over one million 
times greater than is required with the blood of a susceptible species (rabbit). 
Instead of whole blood, mixtures of scrum and leucocytes may be allowed to 
act on the organisms. The enhanced bactericidal effect of such mixtures as 
compared with that of the separate constituents is probably due to various 
factors (Mackie et al.). 

2. Variations in Natural Susceptibility (o Toxins. Here one starts v.ith the 
fundamental fact, incapable of explanation, that toxicity is a relative thing, 
or, in other words, that different animals have different degrees of resistance 
or non-susccptibility to toxic bodies. In every case a certain dose must be 
reached before effects can be obscr\'ed, and up to that point the animal 
has resistance. This natural resistance is found to present veiy remark- 
able degrees of variation in different animals. The great resistance of the 
common fowl to the to.xm of the tetanus bacillus may be mentioned, and 
large amounts of this poison can be injected into the scorpion uithout 
producing any obvious elTects. The high resistance of the rat to diphtheria 
toxin IS another striking example. This variation in resistance to toxins 
applies also to those which produce local clTects, as well as to those which 
cause symptoms of general poisoning. Instances of this arc furnished, for 
example, by the vegetable poisons, ricin and abrin, by the snake poisons, 
and by bacterial toxins such as that of diphtheria. The insusceptibility of 
the new-born to cert ■ * • • — j rn 

mg to Ehrlich's view 

be due to the want j . 

haptophore group of the to.vin ; or, on the other hand, supposing this 
affinity to exist, it might be due to an innate non-susceptibility to the action 
of the toxophore group Investigations have been made in order to detemine 
the combining affinity of the ncrx'ous system of the fowl for tetanus toxin, as 
compared with that obtaining m a susceptible animal, but the results have 
been somewhat contradictory. Accordingly', a general statement on this 
point cannot at present be made, though in nil probability variations in the 
susceptibility to the to.xophore group uall be found to play’ a very important 
part. It was shown by Muir and Browming by means of hicmolytic tests that 
the toxic activity’ of complement, after it has been fixed to the corpuscles, 
vanes very much , in some instances an amount of complement which would 
rapidly produce complete lysis of one kind of corpuscle, may’ liave practically 
no effect on another, even though it enters into combination. These results 
are of importance in demonstrating how the corresponding cells of different 


animals may’ vary in senMtiveness to toxic action. 

Origin of Natural Antibodies and Immunity. In certain diseases, e.g. 
diphtheria and scarlet fever in this country’, susceptibility is greatest m 
childhood and diminishes with age. The increase in resistance is due chiefly 
to the appearance in the serum of antitoxins for the to.xins of the causal 
organisms, although the indtnduals have never suffered from chnicaiiy 
recognisable attacks According to one \iew the explanation of the occur- 
rence of these antibodies in the serum is that the corresponding organisms 
are ividely prevalent m the community and therefore in the cour^ ^ 
most persons acquire a senes of * subclinical ' infections which lead to their 
development. Observations on the behaviour of diphtheria m a 
isolated community strongly support this vieiv (Dudley). On the other ban . 
from a study of the distribution of natural lysins and agglutinins for sheep a 
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rabbit red cells respectively in the blood of children at different ages, Fried- 
berger has argued that the presence of antibodies is associated with matura- 
tion of the tissues This explanation may not be conclusive, since those 
animals are so widely consumed as food, but the natural lysin for sheep's 
corpuscles in rabbit’s serum behaves similarly. Gibson has made a like 
observation,.. in regard to natural agglutinins, where infection with the 
organisms could be excluded practically Also, certain antibodies are formed 
under circumstances which exclude a reaction to a specific antigen Such 
are the hemolytic immune-body for ox’s red corpuscles in normal guinea- 
pig’s serum ; also the agglutinin for B mallei in the serum of horses in Great 
Britain although glanders does not e.xist there (Lovell) Further, the different 
anatomical distribution of the same infection at varying ages, e g tuber- 
culosis, and the predilection of certain infections for particular age groups, 
indicate clearly that matunty of the tissues plays an important part in 
determining the incidence of infections Again, the tissues may naturally 
possess defensive mechanisms which are not explicable on the analogy of an 
acquired immunity. For instance, Flexner found that certain monkeys were 
refractory to inoculation with poliomyelitis virus placed on the nasal mucous 
membrane, but these animals possessed no special resistance to intracerebral 
inoculation, and their serum had no action m neutralising the mfectivity of 
the virus 

If we review the whole subject of natural immunity it appears that varia- 
tions in such immunity shown by different species depend m the main upon 


natural immunity depend on variations in the susceptibility of the tissues to 
toxins (in the widest sense) formed by the bacteria 

MASS OR HERD DyiMUNlTY : EXPERIMENTAL EPIDEMIOLOGY 
Hitherto the reactions of the individual have been taken into account 


diseases among masses was almost purely descriptive. Certain of these 
diseases were known to become epidemic at intervals, the numbers of cases 
at such times being large as compared with that in the intervals A disease 
with very regular periodic epidemics is measles in this country ; epidemics of 
influenza and poliomyelitis, on the other hand, are highly irregular in their 
occurrence. From the observations of Farr and others, it appears that 
epidemics generally follow a regular course as regards thpir onset, acme, and 
decline , also the subsidence of an epidemic occurs long before the number 
of susceptibles is exhausted It seems likely, therefore, that the onset and 
progress of an epidemic are due to some initial, almost explosive increase in 
mfectivity or pathogenicity of the causal agent, which later diminishes again 
(Bro^vnlee) Of course, alterations in the susceptibility of the population 
might also be responsible, but it is difficult to conceive that a change of this 
nature on the part of the hosts can be world-wde, as would have to be the 
case in order to explain a pandemic like that of influenza in 1918 So far, 
however, it has not been possible to investigate the causal agent of a natural 
epidemic from this point of view, although cj^ciical changes in virulence of 
the virus of poliomyelitis under conditions of expenmental transmission have 
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been established. On the other hand, the regular recurrence of epidemics of 
measles at about two-yearly inten*als may well depend on the accumulation 
of highly susceptible children born m the intervals between epidemics. In 
the case of endemic infections such as tuberculosis, the alterations in preval- 
ence and severity take place over much longer periods. The circumstances 
of a natural population are so complex as to render a detailed analj'sis of the 
conditions almost impossible. Factors affecting the hosts, such as emigration 
and immigration, varying susceptibility due to sex and age, occupation, 
nutntion, etc., must all be considered ; also accidents leading to excessive 
e.xposure must be regarded, e.g. where a defective drain from an isolation 
hospital has permitted sudden access of infective matter from a case of enteric 
to the water supply. All these points obviously influence the spread of 
infections. It must also be borne in mind that the practice of isolation has 
had little effect on the spread of epidemic diseases, chiefly, no doubt, on 
account of the fact that cases arc clinically recognisable only at certain stages 
and also that a proportion cannot be recognised at any time in their course. 
In order to stud}' the problems under somewhat simpler conditions the 
behaviour of infective diseases in semi-closcd communities has been in- 
vestigated, especially in the case of diphtheria, by Dudlej’ ; also epidemics 
have been set going in collections of small animals such as mice, and the 
influence of adding fresh susceptible individuals at different rates or of adding 
immunised animals has been studied by Greenwood and Topicy in this country 
and by Webster el a! at the Kockcfcllcr Institute in New York. The pro- 
cedure adopted was to infect adult mice by feeding, e.g, with mouse typhoid 
or pasteurella bacilli, and then to introduce similar uninfected animals into 
the infected community, the rate and number of introductions being varied 
in different experiments. When normal mice ivcrc introduced it was found 
that practically all became infected eventually and tliat soon deaths among 
these occurred, which after a time gradually diminished in number until a 
point was reached at which the survivors had a somewhat better expectation 
of life than more recent immigrants. The weeding out of susceptibles prob- 
ably contributes m p.irt to this resistance, but it appears to be due chiefly to 
a process of immunisation, especially since it tends to be specific for the organ- 
ism concerned. In the case of ectromclia. a virus infection in mice, a fairly 
high degree of immunity dcv'elops eventually. However, waves of excep- 
tionally high mortality occur during which many old survivors die, > e. 
epidemics supervene in a population in which the disease is fairly static. 

The ne.xt question is the influence produced upon the fatality by adding 
immunised animals to the infected herd. With mouse^ typhoid ^ 

distinct but not high degree of protection was conferred in the sense that the 
treated animals survived introduction into the infected community longer 
than did normal ones. But a large proportion became infected nevertheless 
Thus, once a herd has been infected by mouse typhoid, the introduc ion 
only of immunised animals does not lead to disappearance of the inlec ion- 
The introduction of bacteriophage has also been ineffective in this respe . 
The protection conferred by a specific vaccine was much greater in t le cas 
of ectromelia, at least in the early periods after entry to the herd 

The e.xperiments did not throw light on the hypothesis that 
epidemics start from the development of an ' epidemic ’ strain oi the o g 
ism, although variations in infectmty were found to occur in the orga 
isolated dunng the course of experimental epidemics But they se , 
demonstrate the distinction between the capacity of a strain ° . . 

naturally from host to host and its capacity to cause severe illness 
individuals. It was found that an organism might infect a large pr p 
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of animals exposed to it and nevertheless cause only small fatality Accord- 
ingly it appears likely that a strain which is capable of causing an epidemic 
must combine both the properties of infectivity and pathogenicity. 

SUPERSENSmVENESS, ANAPHYIAXIS, AND ALLERGY 

The term supersensiiiveness is apphed to states where, as compared inth 
the normal, there is increased susceptibility or reactivity to substances intro- 
duced into the body, either parenterally or through the alimentary canal 
The condition may be manifested by either local or general disturbances, and 


minute amount of foreign serum may give rise to such effects A particular 
individual, however, is likely to be supersensittve to onlj’ one of these vanous 
substances Such supersensitiveness has been termed natural, but it is doubt- 
ful whether in most cases it does not result from previous contact with the 
substance , accordingly, it may come into the same category as the next 
examples The increased reactnity of patients or animals suffering from an 
infection to the products of (he infecting organism is a noteworthy example 
of acquired supersensitiveness Thus we have the tuberculin and mallein 
reactions, and here both local and general effects are met with. Jenner 
probably described the first instance of allergy in infective disease when he 
noted that in an individual who had suffered from cowpox and therefore was 
immune to smallpox, inoculation of the skin with variolous matter led to an 
inflammatory reaction at the site more rapidly than did a similar inoculation 
in a susceptible person 

It has come to be recognised that there is a special form of supersensitn e- 
ness which is induced by the injection of substances with antigenic properties, 
the toxic phenomena becoming manifest only on a further injection of the 
same antigen after a suitable interval of time In this form the disturbances 
are now known to be the result of the interaction of antibody and antigen. 
TJius, while the phenomena m their characters and results present a striking 
contrast to the state of immunity, they are in their mode of production closely 
related to the latter condition. To thfs form of supersensitivencss the term 
' anaphylaxis ' is generally applied, and it is advisable to restrict its use in 
this way The substances %vhich have been found to have the property of 
calling forth the anaphylactic state — anaphylactogens — arc of vanous kinds, 
including bactena and their toxins, animal poisons, and a great many foreign 
jiroteins, c g those of serum, milk, egg albumin, plant products, peptone (as 
a constituent of bactenological media), etc They are chiefly of protein 
nature, and they are probabl 5 ’ coextensive with the substances which act as 
antigens in immunity reactions It is important to note that many of the 
substances which act as anaphylactogens are on their first injection perfectlj 
harmless In order to produce anaphylactic shock in sensitised animals it is 
not always essential to inject the complete antigen, since the corresponding 
haptens niaj' be effective Thus, in animals sensitised with antisera to li 
laitf: iierogeiies the injection of the specific carbohydrate substance produced 
anaphylactic shock (Tomcsik and Kiirotchkin) Similarly Landsteiner el at . 
by injecting animals with a comjJound of protein with an azo-ilye. rendered 
them suj>erscnsitive to the dye by itself It was shown also that siipcr- 
scnsitivcness (botli local and general) can be produced b\ simple chemical 
substances, r g salvarsan , and anaphylactic shock ma> follow intra%enou5 
injection of this drug in a siijKTMinsitive person I’rcsumahiv the <lrug 
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this fact that Besredka concluded that the sensitising and the toxic factors 
wer^ different when he found that serum heated to a certain temperature 
still had the power of inducing the condition of anaphylaxis, but was no 
longer capable of bringing about the toxic phenomena when injected into an 
anaphylactic animal The effect of the heating was to reduce the activity of 
the serum to such an extent that a dose sufficient to produce shock was not 
administered, whereas enough was given to bring about sensitisation 

Phenomena of active anaphylaxis tn the gninca-pi^ There is, first of all, 
the sensitising injection, a minute amount, e g. O-OI c c of foreign serum, 
injected subcutaneously, though even 0 000001 c.c has been found sufficient 
in certain instances , other methods of parenteral injection may also be em- 
ployed After a certain number of days, usually ten as a minimum, anaphv- 
laxis has been established, and the test for this is usually made by injecting 
by the intravenous route 0*5 c.c of the same serum or even less, or intr.i- 
peritoneally 5 c c. — the assaulting dose. The former method brings about the 
result more rapidly. Subcutaneous injection is less effective and less certain 
In the anaphylactic animal, especially after an intravenous injection of 
serum, acute shock occurs, which causes death usually wthin a fe%v minute^ 
Restlessness, often accompanied by scratching of the nose and sneezing, !•> 
followed by evidence of collapse, unne and fteces are passed, the respiration 
is embarrassed ; the animal falls over and. after a few convulsive movements, 
is dead In the more protracted form of shock following an intrapentoncal 
or subcutaneous injection the animal becomes comatose and its temperature 
falls markedly and also the blood pressure. While anaphylaxis is not fully 
established till about the tenth day, it occurs gradually— not b} crisis— as 
can be shown by disturbance of the temperature on reinjection of serum at 
a much earlier period. 

Passive anaphylaxis There is also a passive anaphylaxis, as is shown by 
the fact that if a certain amount of the serum of an anaphylactic guinea-pig 
(or of one which contains antibody, even if it is not anaphylactic at the time) 
be injected into a normal guinea-pig, the latter becomes anaphylactic, so 
that the characteristic symptoms appear in it when the test amount of antigen 
(anaphylactogen) is injected. In the guinea-pig shock is produced with 
^eatest certainty if an interval of some hours has elapsed between the 
injections ; if the two injections are made at the same time there is frequently 
no result, but this is not invariably the case (H R Dean ei al ) The occur- 
rence of this interval is of importance m connection with the nature and mode 
of causation of anaphylaxis In the rabbit, however, the symptoms app ar 
almost at once if the two injections arc given practically at the same time 
The antiserum need not be denved from the same species as the animal 
which is to be rendered passively anaphylactic ; thus the guinea-pig is 
passively sensitised by antiserum from the rabbit or man. but often not by 
one from the horse (Avery and Tillclt) Passive anaphylaxis usually dis- 
appears after a few weeks at longest, whereas active anaphylaxis has been 
observed after more than two years , here also there is an analogy betuecn 
anaphylaxis and immunity Another interesting obser\’ation has been made, 
namely, that the yoi 
and the condition m. 

Reversed passive 

produced, e.g m rabbits, by injecting an antigen, horse scrum, intra- 
pentoneally and after an interval of about four hours following this by an 
intravenous injection of the corresponding antiserum, denved from the rabbit 
(Opic and Furth). Kcllet has shown also that anaphylactic shock may be 
produced by injecting guinea-pigs with foreign serum (antigen) followed after 
9 
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an interval by a large dose of the corresjwnding antiserum from the rabbit, 
both injections being given intravenously. According to Zinsser and Enders, 
however, only exceptional animals behave in this way and there need be 
practically no interval between the two injections. 

A nti-anaphylaxis and descnsitisalion. It is possible to produce a condition 
of anti-anaphylaxis. If, for example, the small sensitising dose of horse 
serum is injected into a guinea-pig, and before anaphylaxis is established {i.e. 
some time before the tenth day) another injection consisting of a considerable 
quantity of horse scrum is given, the animal is then found to be non- 
susceptible (refractory) to further injections for a considerable period of time. 
During this period its serum contains antibody (precipitin) to the injected 
serum and is capable of conferring passive anaphylaxis. Eventually, how- 
ever, the state of anaphylaxis becomes established, although it can be deferred 
indefinitely by repeated injections of the serum. Also, non-susceptibility to a 
further dose of serum supervenes for a time when an animal recovers from 
anaphj lactic shock. Further, if anaphylaxis exists, the serious effects may 
be avoided by injecting a small dose of serum, insufiicient in itself to bring 
about typical symptoms, and following this by the injection of gradually 
increasing doses In this instance descnsitisalion is said to have been brought 
about {vtde vifra) ; according to Morris, the factors concerned here may be 
largely non-specific, since saturation of antibwHcs is not chiefly responsible 
Insensitiveness may also be induced by ether an.Tsthcsia at the time the 
assaulting dose is given, and by drugs such as adrenaline or atropine, or by 
the injection of hypertonic saline, or of scrum of a species other than that with 
which the animal has been sensitised, all given shortly beforehand 

Symptoms and pathological changes tn anaphylaxis. With regard to the 
symptoms and patliological changes in anaphylaxis, two facts arc of impor- 
tance, The first is that in a given s|>ccics of animal these are of the same 
nature, no matter by what antigen the condition has been produced. The 
second is tJiat tfie anap/i 5 '/actic phenoniena taken as a whole vory according 
to the species of animal This docs not mean that the condition varies essen- 
tially in nature , it probably indicates merely that different tissues are more 
susceptible m different animals. The symptoms of acute anaphylaxis in the 
guinea-pig have already been described, and the chief change found post 
mortem is an acute over-distcnsion of the lungs which is due, as was first 
shown by Auer and Lewis, to a spasm of the muscle fibres in the fine bronchi 
and alveolar passages. In the raWi/ the acute sj’mptoms arc somewhat differ- 
eut. there being an absence of marked dyspnaa. Convulsions may occur and 
the heart usually continues to beat after breathing has stopped ; or coma 
may cle\’clop The arterial blootl jircssurc falls greatly. The chief post- 
mortem change is a great accumulation of blood in the splanchnic venous 
system . this results from contraction of the pulmonary arterioles In the aog 
there are symptoms in connection with the alimentary canal, vomiting and 
evacuation of the bowels and bladder, followed by muscular weakness, a 
shock-like fall of the blood pressure and coma Post mortem, the chief changes 
are found to be a great enlargement of the liver due to accumulation of bloo 
and an intense engorgement of the portal area. In both the rabbit and le 
dog there is marked leucopcma, and this is attended by diminution in e 
coagulability of the blood. The presence of subserous capillary 
IS another featu 
anaphylaxis is 1« 
requires for its ^ 

of sensitisation leads to a ‘ protracted ’ or less acute anaphylaxis vji 
fatal anaphylaxis m man. comparatively few authentic cases have e 
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recorded (Waldbott) ; but in one case carefully studied and described by 
H. R. Dean where death 'occurred in little more than one hour, the mam 
symptoms and pathological changes corresponded with those observ’ed in 
the dog 

Mechanism of anaphylaxis. While it is now admitted by all that ana- 
phylaxis depends on an interaction of antigen and antibody (anaphylactogen 
and anaphylactm), there has been much diversity of opinion as to the site and 
mode of its occurrence. Two chief views have Iwen put forward. According 
to one, the combination takes place in the tissues and there the disturbance 
is produced ; according to the other, the poison is formed by the combination 
in the circulating blood and thus aifects various parts of the body — the 
cellular and humoral theories respectively. 

It IS definitely established that in an anaphylactic animal the antibody 
(anaphylactin) is present in the tissues, and toxic effects result when antigen 
is brought into relation with it. Schultz showed that isolated segments of the 
intestine of a sensitised animal responded to the application of the antigen in 
a specific way by contraction , and this result was confirmed, and amplified 
in extensive experiments by Weil and by Dale Using the muscle of the 
uterus of the guinea-pig from which the blood had been removed by perfu- 
sion, Dale showed that when the specific antigen is brought into contact wth 
it the muscle undergoes sudden contraction, which begins to pass off after a 
few minutes , thereafter the muscle is desensitised and docs not respond 
further He compared the effect to that of a powerful stimulant drug, and 
considered that it did not resemble enzyme action or any form of proteolysis, 
etc It has been shown by vanous workers that the antisubstance in 
anaphylaxis corresponds closely in many respects ivith precipitin In fact, 
some hold that the two substances are identical, since for the production of 
passive anaphylaxis it is not essential that the serum should be derived from 
an animal in the anaphylactic state, provided that it contains a precipitin 
for the test antigen. The view as to the reaction taking place in the tissues 
IS in harmony wth other results The lact that in an actively sensitised 
guinea-pig the symptoms appear at once on injection of the antigen, whereas 
in passive anaphylaxis a considerable time must usually elapse after the anti- 
serum is injected before the animal develops maximal sensitiveness to the 
antigen, is a stumbling-block to the theory that a poison is formed by the 
interaction of the two substances in the blood It seems, however, capable of 
explanation on the view that the interx'al of time is necessary for the antibody 
in the serum to be fixed in the tissues The so-called ‘ replacement ’ experi- 
ments, in which the blood of the sensitised animal is replaced by normal blood, 
lead to a similar conclusion as to the site of the reaction , m such expenments 
the animal is still anaphylactic on injection of antigen, and the same is true 
of its separated tissues Attempts to show that the blood of an animal in 
acute anaphylactic shock is toxic to another animal have given negative 
results But blood obtained directly from the liver of dogs in a state of 
anaphylactic shock produces anaphylactic effects when introduced into the 
circulation of a normal dog. This is in accordance with the \aew that in these 
animals the hver is the chief seat of disturbance, since it has been found 
that in a sensitised dog in which the liver vessels are clamped shock does not 
occur on the injection of the foreign protein, but after releasing the clamps the 
usual effects develop (Manwanng) 

Dale suggested that the phenomena of anaphylactic shock might be due 
to some disturbance of the colloid state of the muscles He then brought 
forward e\ idence which rendered it likely that the anaphylactic reactions are 
due. m part at least, to the effect of histamine liberated as a result of cell 
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anaphylactic shock, which suggests that the reaction between the two sub- 
stances occurs in the blood. This is in'agreement with the finding that rabbit’s 
leucocytes contain a relatively large amount of histamine, which presumably 
is discharged into the plasma as the result of damage to these cells and so 
causes the anaphylactic shock. The fact that rabbits which have been 
repeatedly injected with antigen until their blood contains large amounts of 
antibody are nevertheless sensitized, is also in favour of the blood rather than 
the tissues being the site of the reaction. In anaphylaxis there is often a 
marked fall in ’ , . . • ’ ’ to its fixation in the 

usual way by 

Allergy, I ^ ^ it the phenomena of 

anaphylaxis just described are of the same nature as the supersensitiveness 
or allergy manifested by infected subjects to the products of the infecting 
organism, e g. that to tuberculin, mallein, brucellin, tnchophytin, etc (often 
referred to as ' allergy of infection ’) ; though in all probability they are at 
least similar in essence. It has been held as a distinction that this supersensi- 
tiveness in infections to bacterial products could not be transferred to another 
animal ; and there is no conclusive evidence that this is possible in the case 
of tuberculin. Other features of this type of reaction are that the effects 
develop sloi\ly (in contrast to the prompt appearance of both local and 
general effects in anaphylaxis) and the smooth muscle of the allergic animal 
is not thrown into sudden contraction on contact with the sensitising agent 
According to one view, which appears to have most in support of it, the 
phenomena of supersensitiveness of tuberculous patients to tuberculin is due 
to the combination of the injected antigen with molecules of antibody resident 
in certain tissue cells, the so-called ’ sessile receptors In favour of this view 
IS the observation of Rich and Lewis that tissue cultures tn vttro, which have 
been derived from animals supersensitive to tuberculin retain this supersensi- 
tiveness after repeated subcuUuring. Fnedberger, however, held that the 
facts can be equally well explained by the combination, which occurs either 
locally or generally, of the antigen with antibody in the serum, this combina- 
tion when acted upon by complement giving rise to the poisonous substance. 
Others, again, consider that there is not sufficient evidence that an antibody 
is concerned, and that local allergy is of a different nature According to 
Dienes, specific supersensitiveness of the tissues is the first manifestation of 
reaction and is an indicator of immunisation But Rich and others have 
demonstrated that in animals which are both immune and supersensitive, 
desensitisation may be effected without removing the immunity , also, 
immunity may exist wthout supersensitiveness, as in the case of rabbits 
passively immunised to the pneumococcus and inoculated intracutaneously 
Again, it would appear that certain antigens are more prone to develop 
supersensitiveness than immunity and vice versa At present it is im- 
possible to state definitely whether or not supersensitiveness may contribute 
to immunity m certain conditions Further details are given m connection 
with the special chapters There is no doubt, houever, that the supersensi- 
tive state must play an important part in the clinical manifestations of many 
diseases For example, the sensitiveness of tuberculous patients to tuberculin 
indicates that the symptoms and lesions in this disease are produced by the 
absorption from the tuberculous foci of a smaller amount of toxin than would 
be necessary to produce corresponding effects in a normal individual Also, 
the sensitiveness of the conjunctiva in tj’phoid fe\'er to the products of the 
bacillus suggests that m this disease, too, supersensitiveness plays an 
important part. It appears at least likely that bacterial products set free m 
the body m infections gradually produce a state of supersensitiveness which 
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is closely similar to a true anaphylactic state. The term allergen is applied 
generally to agents which cx'cite aller^c reactions ; these include also vege- 
table and animal products in dusts, chemical compounds, and physical 
agencies, such as heat, cold, and sunlight. The effects may follow contact 
with any body-surface as well as introduction into the tissues. As a nile, in 
the human subject, aliergy is confined to a particular substance, and the 
clm\cal manifestations (‘ shock organ ’) depend on the individual. 

The phenomena of hay fever probably belong to the class of allergic dis- 
orders, being apparently the result of repeated absorption of vegetable 
proteins ; a similar statement may apply to the sensitiveness to articles of 
diet which is manifested by disturbances of the alimen tar}' tract, urticaria, etc. 
Asthma appears to be the reaction in certain allergic individuals to substances 
absorbed by the respiratory or alimentary tract. In all such cases, however, 
the possibility of a natural supersensitivcncss as an idiosyncrasy must be 
considered. Superscnsitiveness of infants to cow's milk has been recorded, 
and the history of cases indicates that such is due to the absorption from the 
alimentary tract of protein molecules, or, at least, of derivatives which may 
act as antigens The possibility of such an occurrence is shoim by the work 
of Ehrlich on the vegetable to.vins, ricin and abrin ; and AValzer has demon- 
strated by sensitisation methods the presence in the senim of incompletely 
digested proteins after their ingestion by normal adults. 

Atopy In a number of these conditions of idiosyncrasy in which super- 
sensitiveness to certain substances appears clinically as hay fever, asthma, 
dermatitis (eczema), or susceptibility to certain articles of diet, it has been 
shown that the serum contains a ' rcagin which when injected into the skin 
of a ' receptive ’ normal person may produce local sensitiveness, so that on 
introducing the substance later (twenty-four to forty-eight hours) at the same 
site (or into the blood) a local inflammatory reaction develops (Trausnitz- 
Kustner reaction) Attempts to demonstrate neutralising properties in the 
reagin, or other characters of antibodies, have failed, however. On the other 
hand, following injections of pollen into patienfs supersensitive to this 
material an antibody has been shown to develop in the serum, which * blocks ’ 
the reagin. Atopy appears to be restricted to man ; and a marked hereditary 
predisposition exists It is doubtful if atopy constitutes a class by itself. 

Shwartzman phenomenon. A striking phenomenon described by Shiiartz- 
man, is related to allergy The intradermal injection of bacteria or their 
products in rabbits causes local changes such that if after an interval, e.g. of 
twenty-four hours, an intravenous injection of filtrates from cultures of the 
same or other organisms be given, an acute reaction is provoked in the treated 
area of skin , this is characterise by haimorrhage and necrosis. The effect 
may also be provoked by starch given intravenously (Freund), or when the 
animal has previously been rendered superserisitive to some antigen, an intra- 
venous injection of the latter may provoke the reaction at the prepared site. 
Accordingly, a mechanism is suggested which may account for the develop 
ment of focal lesions owing to some intercurrent infection, although the 
explanation is obscure. . . 

The Serum Disease in Man. Apart from acute anaphyla.vis in man 
referred to above, symptoms of milder degree are not infrequently obsene 
after the injection of foreign serum for therapeutic purposes ; they were tirs 
fully described as a sj’ndrome by Pirquet and Schick. There is here a so 
period of incubation, of six to tivelve days on the average, but it 
three weeks , after which, in a proportion of cases, a group of charactens i 
symptoms appears The proportion affected depends on the dose or ’ 
when amounts of 100 to 1,000 c.c. of unconcentrated serum are given n y 
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all persons develop serum disease ; after a dose of under 10 c.c. about 10 per 
cent, are affected. The use of ‘ concentrated ' antisera has reduced the inci- 
dence of serum disease, since smaller doses of protein are injected , and 
‘ refined ’ sera are still less liable to produce such effects, as the antigenic 
power of the proteins appears to be diminished. There may be as prodromal 
symptoms of serum disease, swelling and tenderness at the site of injection, 
and in the corresponding lymphatic glands, and the spleen may be enlarged 
Thereafter general exanthemata appear : these are usually of an urticarial 
type, but may be er3’thematous or morbilliform. There is usually moderate 
pyrexia of a remittent type, and sometimes oedema and slight albuminuria 
are present : occasionally’ there are pains in the joints ; there is also in 
children often leucopenia, due to a fall in the number of polymorphonuclear 
leucocytes These symptoms last for a few day's and then disappear. Some- 
times after an interval, which may extend to two weeks, there is a recurrence 
Rarely, nervous complications (neuritis and muscular paralysis not related 
to the site of injection, or cerebral sy'mptoms) have been described (Thompson 
et al ). Such are the phenomena of the serum disease after a single injection 
of the foreign serum It is noteworthy* that similar phenomena following a 
single injection of foreign serum rarely occur in animals 

There are, however, two other types of reaction described by Pirquet and 
Schick, namely, the immediate and the accelerated reactions The immediate 
reaction is seen when a large dose of scrum has been administered, and then 
after a certain inter\’al of time another dose of serum is injected This interval 
is usually from twelve days to eight weeks, though sometimes as long as six 
months The symptoms of the immediate reaction, which appear shortly 
after a subcutaneous or intramuscular injection, or at least withm twenty-four 
hours, are an intense cedema locally, general exanthemata and pyTcxia, 
though the general phenomena are often little marked. The symptoms pass 
off comparatively quickly, usually within twenty-four hours. Death has 
followed a small dose of serum, but this is very rare. WTien the injection has 
been given intravenously, the condition is more severe The chief symptoms 
are shock, collapse, and dyspnoea . there is pallor or cyanosis, fall in the blood 
pressure, with feeble pulse, asthmatic symptoms, 'vith cough and sometimes 
vomiting and severe headache — all setting in within a few minutes to tw’o 
hours The accelerated reaction is also seen after a second injection, and it 
may occur from six weeks up to many months after the first injection In 
the case of the accelerated reaction there is an incubation period, but it is 
shorter than in the case of the first injection, being usually from five to seven 
days , the symptoms resemble those in the ordinary reaction as described 
above, but are of rather more acute onset and last a shorter time In the 
interval from about the sixth week to the sLxth month, there may occur both 
the immediate reaction and also, a few days later an accelerated reaction 
The administration of a further dose of scrum during an attack of serum sick- 
ness seems to be specially liable to cause senous effects. The occurrence of 
serum disease following the injection of fresh human serum from other mdi- 
\ idiials has been described (Dooley) 

Tlie phenomena of the scrum disease m all probability depend upon the 
development of a reaction-body' or antibody, as above described, though this 
\ lew has been called in question by some writers (Recurrent reactions would 
be explatnccl by the succcssne development of antibodies to different anti- 
genic proteins in the scnini ) Cases are recorded where sy’mptoms have 
occurred almost at once following the first injection, or after a time too short 
to correspond to a true incub.ition jienod Tlicsc, however, may be examples 
of ■ natural ’ supersensitivencss . tlie\ have occurred esjiecially in jicrsons 
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with a history of supersensitiveness to contact with horses. But the facts 
descnbed above, especially with regard to the phenomena after a second 
injection, point strongly to an antibody being concerned in the reaction. 
(The intracutaneous injection of a small quantity of the serum has been used 
as a test for supersensitiveness — vide infra). It is doubtful whether the 
' thermal reaction which sometimes sets in with rigor within half an hour 
after an intravenous injection of serum, belongs to the same class of 
phenomena 

Very serious local effects of the nature of the Arthus phenomenon (p. 138) 
lia\’e also been recorded rarely as the results of repeated injections of foreign 
serum into the tissues (Tumpeer ; Ross). 

Desensthsation. In view of the common use of curativ'e serum, anapliy- 
laxis has come to have considerable practical importance, especially in con- 
nection with intravenous injection, as by this route the dangerous dose is a 
fraction of that bj' subcutaneous injection. In tlie case of serious illness 
where serum therapy is required, this should not be withheld from 
fear of anaphylaxis With regard to the possibility of there being a 
primary or natural supersensitivencss, inquiry should be made as to 
tendency to asthma or hay fever, or sensitiveness to the presence of 
horses in the vicinity, as these have been found to be associated conditions, 
and the existence of Graves' disease has been recorded as another. Then with 
regard to the acquired variety, information should be obtained regarding 
previous serum injections The existence of supersensitiveness can be tested 
for by demonstrating skm allergy. A small quantity, say O-Oj to 0*2 c c., of a 
1 10 or 1 100 dilution of sterile horse serum with saline is injected by a 
hj podermic syringe into the dermis — not subcutaneously — a similar quantity 
of saline alone being injected into another site by way of control. The minute 
local swelling which results from the presence of the fluid soon passes on. 
But in the case of a positive reaction there occurs, usually within five to thirty 
minutes, an urticarial patch, which may be followed by a distinct vesicle and 
is often surrounded by an erythematous area, an inch or more in diameter. 
Alternatively one drop of 1 ' 10-100 dilution of the serum may be allowed to 
fall into the conjunctival sac , a positive result is indicated by hypcrainua, 
svk’eUmg, itching, or pain coming on \vithin one hour (which should be treated 
by instillation of adrenaline). Another method is to inject by the Siame route 
as tliat intended for the main dose 0-1 to 0*5 c c of a ten-fold dilution of the 
serum m sterile saline If a reaction occurs within half to one hour in these 
tests the presence of supersensitiveness may be inferred. But a negatne 
result, at least in tlie skm test, does not exclude the possibility of serious 
symptoms when the serum is administered W'hen a positive reaction is 
obtained, the attempt should be made to desensitise the patient, i e. to pro- 
duce anti-anaphj’laxis , the procedure is to introduce initial small d^es o 
serum and then gradually to increase them. £ 1*60 then, care should be use 
in injecting the scrum intravenously or intrathecally, desensitisation m 
the human subject is uncertain 


The initial desensitisinK dose is 0 01 c c given subcutaneously, and this am 
doubled every haU-bour If no reaction follows the administration of 1 cc , ^ e ^ 

qoent doses are given intravenously, commeoang v\ith 0 I c c and oou "jo 
every’ half-bour till the total dose has been given Where it is desired to in c c 

intrathecally the abov'e procedure should be followed till an method 

has been giv en . then the same amount may be injected intrathecally • ^ tetanus. 
however, takes a considerable number of hours and is not justifiable m a ca 
where a large amount of serum should be given intravenously or intratheca } 
possible In such circumstances the following method may be followe o ^ ^ 
antiserum are diluted with 00 cc of normal sail solution Of the mix 
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injected intravenously; this is followed four minutes later by 3 c c , two minutes Uter by 
10 c c , and two minutes later again by 25 c c Then after ten to fifteen minutes the full 
dose may be given intravenously or intrathecally The doses mentioned are most 
suitably gi\ en by the gravitation method of injecting serum intravenously or intra* 
thecaily, and the serum should be diluted with saline 

In all cases the administration of serum intravenously or intrathecally 
should be carried out* slowly and with caution by the gravitation method, 
the serum being diluted with salme and warmed to about 37° C If any 
anaphylactic symptoms appear, the administration must be temporarily 
stopped and then cautiously resumed Adrenaline and atropine are the 
most efficient drugs . and a tourniquet may be applied above the site of 
injection Anaphylaxis is sometimes a real danger, but when the necessity 
for the prompt treatment of tetanus is taken into account, the nsks have been 
exaggerated Repeated subcutaneous injections for preventive purposes of 
a few c c of serum are practically unattended by any danger. It may also 
be stated that in relation to anaphylaxis it is only the amount of serum and 
the species from which it is drawn which matter — the antitoxic value is not 
a factor Accordingly it has been suggested that when antiserum is given 
solely with a view to prophylaxis, eg oi diphtheria, it should be derived from 
another species such as the goat or ox , thus the development of super- 
sensitiveness to horse serum is avoided, in case later on a potent dose of 
antibody contained in the latter should be required for treatment. 



CHAPTER IV 


BACTERIA ASSOCIATED WITH ACUTE INFLAMMATION AND 
SUPPURATION— STAPHYLOCOCCI AND RELATED ORGAN- 
ISMS • STREPTOCOCCI 


A CONSIDERABLE number of species of bacteria have been found in acute 
mflammator)' and suppuratix'e conditions, and most of these have been 
proved to be causaJIy reJated. But it must be recognised that although many 
organisms when experimentally introduced into the tissues are capable of 
producing acute inflammation and even pus formation, only certain species 
are charactenstican 5 ’ associated with such lesions under natural conditions 
These organisms are usually classed as pyogenic ; certain of them attack 
practically any part of the body, eg. staphylococci and streptococci, while 
others show a predilection for particular sites, e.g. pneumococcus, gonococcus, 
meningococcus 

Many experiments have been performed to determine whether suppura- 
tion can be produced in the absence of micro-organisms by various chemical 
substances, such as croton oil. nitrate of silver, turpentine, etc. — care being 
taken to ensure the absence of bacteria. It may be said that in certain 

animals and uith ( ' ' ' 

free from bacteria 


by the injection c 

cyaneus. etc., and, according to Vaughan, bacterial protein per se may 
produce suppuration and necrosis of tissue. Further, the inj'ection of certain 
substances into a serous cavity, e.g. aleuronat. peptone, sodium nucleate, 
etc,, may produce within tiventy-four hours an abundant exudate containing 
large numbers of polymorph leucocytes, and in this way such cells . 
obtained unmixcd with other blood cells for experimental studies of their 
immunological and other properties. However, the general statement may 
be made that practically all cases of true suppuration met with clinically are 
due to the action of liinng micro-organisms . 

Ogston, who W’as one of the first to study the organisms responsible tor 
suppuration (1881), found that those most frequently present were micro- 
cocci, of which some were arranged irregularly in clusters (staphylococci), 
whilst others formed chains (streptococci) He noted that the former were 
more common in arcumscribed acute abscesses, the latter in spreading sup 
purative conditions. Rosenbach shortly afterwards (1884). by means o 
cultures, differentiated several vaneties of micrococci, to w-hich be ga^^ 
special names . e.g Staphylococcm Pyogenet aureus, Staphylococcus 
alhiis, Streptococcus pyogenes. Suppuration may be produced, J 

other species : e.g. Mtcrococcus teiragenus, pneumococcus, meningoco , 
gonococcus, cohform bacilli, Fnedlander's pneumobacillus. Sacil us p} 
evaneus, Bacillus proteus, Actinomyces, BactUtis mallei, etc Even . 
andparatyph ' ■■ 

be assoc, ated 

of entenc leve ■ _ 

inflammatory and suppurative conditions. Various anaerobic 
concerned in the production of an inflammation which is often as. 
with oedema, hemorrhage, or necrosis. 
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Later investigations showed that the subject of the pathogenic action of 
■ ■■ ■ i that they may produce a 

eir general characters and 
I the usual suppurative pro- 
cesses, various inflammatory conditions, endocarditis, septicjemia, and 
pj’osmia, require consideration The following general statements may be 
made. In the first place, vanous organisms may produce substantially the 
same type of lesion, and not infrequently several species of organisms may be 
present together. In the second place, the same organism may produce 
widely varjnng results under different circumstances — at one time a local 
inflammation or abscess, at another multiple abscesses, or a general septi- 
cjemia. The principles on which this diversity m results depends have already 
been explained (Chapter II) Furthermore, there are conditions like acute 
pneumonia, epidemic meningitis, scarlatina, etc , which have practically the 
characters of specific diseases, and yet, as regards their essential pathology, 
belong to the same class 

The following are among the chief points m the pathology of these condi- 
tions In suppuration the two mam phenomena are — {a) a progressive 
emigration of leucocytes, chiefly of the polymorphonuclear (neutrophile) 
variety, and (i) a liquefaction or digestion of the supporting elements of the 
tissue along ivith necrosis of the cells of the part. The result is that the tissue 
affected becomes replaced by pus A suppurative inflammation is thus to be 
distinguished on the one hand from an inflammation without destruction of 
tissue, and on the other from necrosis or death en masse, where the tissue is 
not liquefied, and leucocyte accumulation may be slight When, however, 
suppuration takes place in a very dense fibrous tissue, liquefaction may be 
incomplete, and a portion of dead tissue or slough may remain m the centre, 
as is the case m boils When suppuration occurs in a serous cavity tlie two 
chief factors are the progressive leucocytic accumulation and the disappear- 
ance of any fibrin which may be present If the tissue defences overcome the 
infection before suppuration has taken place, regression of the lesions 
(resolution) occurs , this is commonly the case in lobar pneumonia Again, 
when the site of infection is a mucous membrane, it frequently happens that 
a catarrhal inflammation wnt h muco-purulent secretion results without abscess 
formation. When pyogenic streptococa infect the lymphatics of the skin a 
spreading inflammation without suppuration (erysipelas) is the rule 

The term sepucamia is applied to conditions in which the organisms 
multiply ivithin the blood and give nse to sjTnptoms of general poisoning, 
without, however, producing abscesses in the organs The organisms are 
usually more numerous in the capillaries of internal organs than in the peri- 
pheral circulation, but by means of blood culture it has been shown that they 
can be detected in the peripheral blood It should be remembered that 
bacteria may also be demonstrable in the blood as a result of their ‘ overflow ’ 
from an infective lesion in the tissues, and such blood infection — bactentvmia 
— does not necessanly connote a true scpticwmia or multiplication of organ- 
isms within the vascular system The essential fact in pyamta, in contrast 
with septiciemia, is the occurrence ol multiple abscesses in internal organs 
and other parts of the bodj’ In most of the cases of typical pv.Tmia, common 
m pre-antiscptic dajs, the starting-point of the disease was a septic wound 
with bacterial invasion of a vein, leading to thrombosis and secondary 
embolism Multiple foci of suppuration may be produced, howeicr, in other 
ways, as will be ilcscnbcd below. 

Mode of entrance and spread — primary infection Many of the pjogcnic 
organisms ha\c a wide distribution, being present on the skin and mucous 
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membranes of healthy persons and also animals. Staphylococci and strepto- 
cocci are constant commensals in the mouth, nose, and throat ; and typical 
pyogenic streptococci may occur in the throat of apparently normal indi- 
viduals, particularly in the tonsillar crypts. The entrance of these organisms 
into the deeper tissues when a surface lesion occurs, can be readily understood. 
Their pathogenic action will, of course, be favoured by any condition of 
depressed vitality. Though in normal conditions the blood is bacterium-free, 
the clinical and other evidence indicates that from time to time a certain 
number of organisms gain entrance to it from trifling lesions of the skin or 
mucous surfaces, the possibilities of entrance from the latter being especially 
numerous. In most cases they are inhibited and killed by the action of the 
plasma or phagocytes, and no lesion results. If, however, there be a local 
damage, they may settle in that tissue and produce suppuration, and from 
this other parts of the body may be infected. In some cases of multiple 
suppurations due to infection with staphylococci, only an apparently un- 
important surface lesion is present ; whilst in others no lesion can be found 
to explain the origin of the Infection, the latter being termed cryptogenetic. 
It IS usually impossible to decide whether in such cases the infection has been 
determined by an organism of high virulence or by abnormal susceptibility 
of the host 

The paths of secondary infection may be conveniently summarised thus : 
Ftrst, by lymphatics , in this way the lymphatic glands may be infected, 
and also serous sacs in relation to the organs where the primary lesion exists. 
Second, by natural channels, such as the ureters, the spread being generally 
associated wth an inflammatory condition of the lining membrane. In this 
way the kidneys may be infected. Third, by the blood vessels : (a) by a few 
organisms gaming entrance to the blood from a local lesion, and settling in a 
favourable nidus or damaged tissue, the original site of infection often being 

’ ''«* . of the thrombus 

vein producing 
. . n this way sup- 

a lesion in the 

alimentary canal, the condition being kno'vn as 'pylephlebitis suppurativa . 


THE STAPHyLOCOCCI 

Staphylococcus pyogenes aureus (Micrococcus pyogenes var. aureus). 
Mickoscopic Characters. This organism is a spherical coccus, whicn 
tends to grov’ in irregular clusters or masses (Figs 5, 6), since after a 
coccus has dmded the subsequent planes of division of the daughter ce s 
bear no fixed relation to each other ; single organisms, pairs, tetrads, or 
short chains may also be obser\'ed. The opposed surfaces of adjacent 
may be flattened. From young agar cultures the cocci are very um ^ 
in size, 0-8 to 0 9 in diameter in pus the size is variable, larger o 
occurnng ^ ^ ; it is non- 

capsulatl, “‘V 

fthree hour _ _ ^ 

retains the colour in Gram's method ; but with some strains older cu ur 
may show a number of decolorised cocci. . , 

Cultural Characters. Grmvth occurs under aerobic conditions, 
the organism is also a facultative miaerobe. It grows readily m a 
ordinary media at room temperature, though much 42® C 

temperature of the body. The temperature range for growth is Jb ® ^ 

the optimum temperature about 37* C. On agar, a stroke cultur 
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line of abundant yellowsh growth, with smooth shining surface, well 
developed after twenty-four hours at 37® C ; it readily yields a uniform 
suspension in water. Later it becomes bright orange in colour, and resembles 
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Fig Z Staphylococci In pus Stained by 
Gram’s method xl.OOO 


Fic G Slaphylocoeciisaureui, young caltare 
on agar, showing dumps of cocci 
StaiiiM by Gram's method X 1 000 


a streak of oil paint Single colonies on the surface of agar are circular discs 
of similar appearance, which may reach 3 to 4 mm after twenty-four to 
forty-eight hours In a primary culture from pus, some 
or all of the colonies after twenty-four hours at 37® C 
may be much smaller , also pigment may be absent, so 
that to the naked eye they resemble a growth of strepto- 
cocci {vtde tn/ra) (But if the growth is caused to heap 
up into a mass by drawing a platinum loop along the 
surface of an agar slope culture, then the pigmentation 
often becomes apparent.) Pigment production is manifest 
when the organism is growing in the presence of oxygen, 
and IS most pronounced in cultures kept at room tempera- 
ture and exposed to light The pigment is a lipochrome 
and is stated to be allied to carotene. On blood agar a 
clear zone of hiemolysis is noted round tlie colonies (vide 
tn/ra, htiniolystn) In stab aillnres tn gelatin a streak of 
grow'th is visible on the day after inoculation, and on the 
second or third day liquefaction commences at the top 
As liquefaction proceeds, the growth falls to the bottom 
as a fJoccuJent ileposit, which soon assumes an orange- 
yellow colour, while a jellmnsh film may form on the sur- 
face, the fluid portion still remaining turbid Ultimately in : si.ib culture 
liquefaction extends out to the wall of the tube (Fig 7) 

In ge/atiH colonics may be seen with the low power — i: d3\i ot.j, 
of the microscope tn twenty-four hours as little spheres, 
somewhat granular on the surface and of brownish colour and ciianc lers of 
On the second day they are \nsiblc to the naked c>c as Nam.w 

whitish-yellow points, winch in t)T>ical strains afterwards 
become more distinctly > ellow Liquefaction occurs around thc«e, and small 
cups arc formcd.at the bottom of which the colonics form \ellowish masses 
On coagulated sc»-ni;i, pigment production is usually marked and often slow 
hquefiiction or soltcning of the medium occurs. On potato the organism 
grows well at ordinary temperature, forming a somewhat abundant layer of 
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orange colour. In broth it produces usually a uniform turbidity, which 
afterwards settles to the bottom as an abundant deposit and assumes a 
brownish-yellow tint ; some strains form a ropy or mucoid groivth. It grows' 
readily in milk acidifying the medium and often producing coagulation. On 
MacConkey's agar the colonies are small and at first characteristically tinted 
yellowish-pink, later red. 

Biochemical Reactions. Various carbohydrates, e g. glucose, lactose, 
saccharose, mannitol, are fermented with formation of acid but no gas. 

Coagidase. Following the early observations of Loeb and Much, it has 
been found that the power to coagulate citrated or o.valated blood plasma of 
rabbit or man is one of the most constant properties of pathogenic staphylo- 
cocci Coagulase may be demonstrated directly in purulent material even 
when there is a mixed infection or where staphylocci are too scanty to be 
demonstrated microscopically. This direct test is reliable and also saves the 
time required for isolation of a pure culture (Lominski et at ). Coagulase is 
relatively thermostable, as it partially withstands heating at 100® C. Its 
presence can be demonstrated readily in sterile filtrates of cultures in a fluid 
medium provided the latter contains plasma (Lominski). Fermentable 
carbohydrate in the medium interferes with demonstration of coagulase 

Method 0 ^ test for a euUure (Fisk) To 05 c c ol a 1 • 10 dilution in saline of citrated 
human plasma in a small test tube add 0*125 c c. (5 drops from a capillary pipette) of 
a pure eighteen to t« enty-four hours' broth culture. Keep at 37® C. for three hours 
and then at room temperature overnight Coagulum forms usually in half to one hour, 
but three to eighteen hours may be necessary The controls required are (a) a tube of 
the same diluted plasma inoculated with a known coagulase-positfve culture and (b) a 
tube of uninoculated plasma. The plasma remains usable for several weeks if kept 
undiluted and sterile 

Direct test Tno or three icopfuls of the material are added to 0 5 c c of a mixture 
of plasma 1 voJ , saline 3 vols , broth (not digest) 1 vol . and heparin 5 T u per c c If a 
swab moistened with the material is used, it is wll squeezed out by dipping into the 
diluted plasma and pressing repeatedly against the wall of the tube. The tube is kept 
at 37* C and the test is read after half, one. six, and twelve hoars Controls are set up 
as above The early readings must not be omitted, since a coagulum which forms within 
several hours may liquefy later if proteolytic organisms are present. 

\'ariants Variation as regards pigmentation, consistence, and ‘ smooth- 
ness ’ or ‘ roughness ' of colonies has been observed. Thus Bigger et at 
have described the appearance of a white t'ariant in old cultures of the 
aureus type and various obsen'ers have agreed that the albits t}'pe may be 
derived from the aureus. 

Staphylococcus pyogenes albus {Mtcrococcu spyogenes var. n/feus) is 
similar in general characters to Staph, aureus^ with the e.xception that its 
growth on all the media is white It may be said that in general the albiis 
type of staphylococcus is weaker in its biochemical, toxic, and pathogenic 
properties than Staph aureus. A similar organism, called by \yelch Staphylo- 
coccus eptderutidis albus is practically alwaj'S present on the skin and often on 
the conjunctiva , it liquefies gelatin slowly, does not ferment mannitol, is 
non-hosmolytic, and does not form coagulase 

Other Varieties. Staph, citreus, which is seldom met wth in suppurame 
lesions, yields lemon-yellow growths. It is usuall}* less \'irulent than the other 
two Staph cereus plavus and Siaph. ceretis albits, so designated in virtue o 
their wax-hke growth and the coloration produced, do not liquefy gelatin. 

It is doubtful if thej' are pathogenic Staphylococcus ascofonnans is ° 

staphylococcus similar to Staph aureus and associated with equine bo ryo 
mycosis In the lesions it forms large clusters, and the cocci are ^ ' 
Similar appearances have been met with rarely in human lesions (Berge 
at. , Fink) 
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Viability. Staphylococci have considerable tenacity of life outside the 
body, and withstand drying even for several weeks Laboratory cultures 
remain vdable for months. The thermal death-point is approximately 62® C , 
but some strains resist higher temperatures, even 70® C for half an hour 
Crystal violet is very inhibitory to staphylococci, growth seldom occurring 
on agar containing over 1 : 300,000 of the d}fe 

Toxins. As indicated above, staphylococci, particularly the pathogenic 
aureus type, produce haemolytic toxins , in addition, there are other mani- 
festations of toxic action. Culture-filtrates when injected intravenously m 
rabbits may rapidly lead to death, and the toxin acts similarly on intra- 
peritoneal injection , mice are also susceptible When injected in smaller 
quantit}' into the skin of rabbits or guinea-pigs a necrotismg effect is produced 
which is said to be due to ‘ necrotoxm ’ Filtrates may also possess the power 
of killing leucocytes, and the active principle (as in the case of other bacteria 
yielding a similar product) has been designated ' leucocidin ’. In addition 
there is the ‘ enterotoxin ' which is formed by some strains It is not certain 
whether coagulase is of thi nature of a toxin (vide infra). 

Hamolysin. A soluble haemolysin, which has the general properties of 
an exotoxin, can be demonstrated in filtrates of suitable broth cultures or by 
suspending a twenty-four hours' agar culture in a small amount of saline and 
then removing the organisms from the fluid by centrifuging at high speed 
(Bigger et al.) This product is usually inactivated at 65® C although it 
may be less damaged at 80® to 100® C The production of hiemolysis by cul- 
tures growing on blood agar, however, is not necessarily associated with 
formation of soluble hiemolysin. A neutralising antitoxin can be obtained 
by immunising animals with hsemolysm. Glenny and Stevens have shown 
that some strains of staphylococci produce two dilferent liiemolysms (desig- 
nated a and §) for which separate antitoxins can be obtained. The a hiemo- 
lysm is charactensed by rapid action at 37® C. on rabbit, ox. and sheep red 
cells , human and horse erythrocytes are relatively resistant The $ hiemo- 
lysm is characterised by its continuous and progressive action on sheep red 
cells at room temperature after preliminary incubation at 37® C. , ox and 
human red cells are also sensitive. Strains of staphylococci from animal 
lesions, eg bovine mastitis, may yield the hiemolysm (Mmett) Another 
antigcnically distinct hajmolysm (y) which acts on the red cells of the rabbit, 
etc , has been desenbed (Smith el al ). 

Lethal aetton After an intravenous injection death may occur in a few 
minutes or not for twenty-four hours. The chief effects arc direct action on 
the lieart and the capillaries of the lungs Guinea-pigs are less susceptible 
than rabbits In cats, vomiting is an early symptom, the e.xpcnmcntal 
disease resembling that m the children at Bundaberg (vide infra) Preformed 
histamine contained in the cultures has been excluded as the cause of the 
symptoms According to Burky the lethal factor is stable as compared with 
the lability of the hasmolysin. 

yiecrotoxtn or dermotoxin Tlie necrotismg effect of a culture-filtrate 
injected intradermallj' frequently parallels its lethal action intravenously 

Leucocidin can be demonstrated by the methylene blue reduction test 
Rabbit leucocytes are obtained by intrapleural injection of aleuronat, 
washed free from serum and suspended m normal saline , tlicse cells m the 
healthy state reduce methylene blue under partially anaerobic conditions, 
but lose this projicrty after they have been acted on by leucocidin J Wright 
has found that this toxin is identical in tliennolability (at 10® C ) with the 
a h.x-mohstn and differs from the p Iixmolysin, which is stable at 50® C 
Destructive action by staphylococcal filtrates towards human leucocytes 
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as observed microscopically (Panton and Valentine) is apparently due 
to a different leucocidal factor. The latter also annuls the power of 
rabbit leucocj^es to reduce methylene blue ; but the changes in the 
leucocytes differ microscopically from those produced by a h®molysin 
(Proom). 

Enterotoxin This toxic factor is apparently formed by only a minority of 
strains (Dolman) Laboratory animals are not readily susceptible to the 
toxin when introduced into the stomach, although symptoms of poisoning 
(e g gastro-enteritis) can be produced when the acidity of the stomach con- 
tents is neutralised at the same time (Borthwick), Woolpert and Back 
obtained results with culture-filtrates in rhesus monkeys similar to those in 
man. The toxin is inactivated by even a slight degree of acid or alkali, but 
may resist boiling for some time, not being completely inactivated after thirty 
minutes For demonstrating enterotoxin the intraperitoneal injection of 
boiled filtrates into young cats (500 grms. weight) has been recommended 
(Dolman and Wilson). Vomiting sets in after one quarter to one and a half 
hours and there is also diarrhoea. According to Fulton this test is not 
reliable, since the symptoms are evidence of peritoneal irritation, and do not 
parallel the enterotoxic effect produced in man by the same materials when 
taken by mouth. 

The question arises whether these various effects are due to a single tovin 
or to several different toxic substances ; evidence of two sorts has been 
obtained. (1) As already mentioned, it has been shown in the case of hiemo- 
lytic toxins, that several different kinds exist, which are characterised by the 
conditions under which they act, the species of blood attacked, and the pos- 
session of distinct antigens. Also, filtrates have been investigated which 
possessed in marked degree certain of the toxic properties while lacking others 
e.g powerfully hasmolytic but with no necrotoxin, or strongly necrotoxic 
but weak as regards lethal action when injected intravenously in rabbits, 
(2) On the other hand, a h«molytic toxin (^) can be titrated by its lethal 
action for rabbits or the effect produced on the skin of the guinea-pig, as well 
as by Its action on sheep red cells (Smith and Price). Also, the different effects 
are neutralised in parallel by an antitoxic serum, as shown in the case of y 
htemolysin (Levine). Accordingly, the evidence, though incomplete, indi- 
cates that there are diverse toxins, but that, at least in certain cases, one 
toxic component may damage several different tissues. It may be said that 
strains vary quantitatively m the toxicity of their products and there is no 
strict quantitative correlation as regards the production of the different 
factors. There is also no definite correlation between the pathogenicity or 
virulence of strains and the degree of toxicity. 

Fibrinolystn is produced by certain pathogenic staphylococci, especially 
those derived from lesions in man. Its action is manifested by solution of the 
plasma-clot occurring in the course of several days. , 

Hyalurontdase is formed by strains of staphylococci which show marke 
invasive properties. 

preparation of toxins Walbura’s medium is suitable for the production 
staph) lococcal toxins it consists of an ox heart extract in which arc incorpora 
per cent Witte’s peptone, 0 2 per cent potassium dihydrogen phosphate and 0 P 
cent magnesium sulphate (ad}usted to a pH of 6 8) The growth is obtained in , 

phere of 20 per cent car^n dioxide The following method for preparing s ap ) 
coccal toxin has been used by Parish and Clark 2 per cent nutrient agar is * 
with Parker's bulfered broth (equal parts of M/15 potassium P 

solution — pH 7-4 — and ordinary sugar-free meat infusion broth containing P 
Witte’s peptone) until the concentration of agar is 0 8 per cent The rnethum 
sloped in suitable containers The culture is grown in an atmosphere ol -o P 
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carbon clio\iJe After forty-eight hours’ gron'th more buffered broth is added to the 
culture, and growth is continued for twenty-four to ses'cnty-tno hours as before in an 
atmosphere of 25 per cent, carbon diOYide Gladstone has obtained powerful <i hxmo 
lysin by cultivation m a chemically defined medium 


The occurrence of endotovic substances has been referred to by various 
workers, but those are apparently relatively weak in action and formed in 
small quantity 

Toxoid Staphylococcal toxin, like other e.voto.vtns, can be changed to 
to\oid by appropriate treatment with formaldehyde and in such lum-toxic 
form can conveniently be used as an antigen for immnnis.ition 

Habitat : Lesions in Man and Domestic Animals. Staphylococci occur a-> 
commensal organisms on the skin, in the mouth, throat, auditor! meatus, 
nose, conjunctiva, and in human and animal milk, the prevalent type being 
Staph, albus, although Slaph. aureus occurs also, especially in the nose I'iu v 
may also be present in the anterior urethra, stomach, and occasionallv m the 
intestine Consequently these organisms are met with in the air. in dn-.t on 
clothing, etc. Staphylococci have been found in an apparenth latent state 
in the tonsils and in Ijinphatic glands 

Lesions in the human subject Staphylococci arc the most < ominon cau'.il 
agents m’ r.u, 

skin, carb f 

new-born 


caused by ^ ^ , . ' . ' 

suppurating wounds and burns, catarrhs of mucous surfaces, urinarj sepsis, 
acute bacterial endocarditis and pytemic conditions They arc occasionally 
the cause of septicaemia and pneumonia Certain cases of acute food poison- 
ing have been traced to staphjlococcal toxin produced by these organisms 
growing m the particular article of food (Jordan) The illness has usuallv 
been an acute gastro-enteritls developing after an incubation period of two 
to four hours and passing off in twenty-four hours Milk from cows affected 
"ith staphylococcal mastitis has been responsible in one outbreak (Crabtree 
and Litterer). Also, the organisms producing the condition ha\ e on occasion 
been traced to human sources, the foods usually responsible being cooked 
meats and ’ creams ’ which have been subjected to handling Jordan and 
Hall reproduced the disease in human volunteers by administenng per os 
small quantities of culture-filtrates of staphylococci isolated from incnmin- 
afed food-stuffs. 

Infections of domestic animals. Staphylococci are commensals of the 
skin and mucous membranes of animals, but are less frequently associatet 
"ith disease than in the human subject They occur, however, m inflain- 
nidtory and suppurative lesions either as primary or secondary mice mg 
organisms. <f.g wound suppuration, fistulie. localised abscesses etc Cases 
of bovine mastitis, both acute and chrxjmc. are not infrequenth due to 
(tureus and the acute infection may assume a markedly destructive or even 
pngrenous form. Another condition due to Staph mirfiis is pv.emia oi 
Mmbs associated with tick infestation, and apparcntl> the result of a prim^O 
infection of the tick-bite In cviumcs a staphylococcus is associated w itli i >e 
chronic suppurative disease often desenbed as ' botryomycosu in w 
IcMons the cocci mav 


not unlike the ‘ grant 
'Jcsisnatccl Slaph as. . 
distinguished from Slaph aureus. 

Experimental Inoculation. It may be stated at the out-et 
rence of suppuration depends upon the number of organisms 


that the iKciir- 
introduced into 


lo 
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the tissues, the dose necessary x'arj’ing not only in different animals, but also 
in different parts of the same animal — a smaller number producing suppura- 
tion in the anterior chamber of the eye, for example, than in the peritoneum. 
The virulence of the organism also may vary, with correspondingly vanable 
results on experimental inoculation Rabbits are highly susceptible and have 
been used as a rule Staph, aureus, when injected subcutaneously in suitable 
numbers, produces an acute local inflammation, which is usually followed by 
suppuration If a large dose is injected, the cocci may enter the blood stream 
in sufficient numbers t ' r • r • • • i > 

Intravenous injection 
used If ’ ' 

quantity 

some bee ^ , , > 

parts and produce minute abscesses. These are most common in the kidneys, 
where they occur both in the cortex and medulla as minute yellom’sh areas 
surrounded by zones of intense congestion and hasmoirhage. Similar small 
abscesses may be produced in the heart wall, lungs, liver, under the peri- 
osteum and in the interior of bones, and occasionally in the striped muscles. 
\’ery rarely indeed do the cocci, settle on the healthy v'alv'es of the heart. 
If, however, when the organisms are injected into the blood, there be any 
traumatism of a valve, or of any other part of the body, they show a special 
tendency to settle at these weakened points. Multiple abscesses in the bones 
and under the periosteum may follow intravenous injection, especially when 
young animals are used. But the processes do not spread in the same way 
as m the natural disease, acute osteomyelitis and periostitis in the human 
subject Presumably in the latter there is some local susceptibility, which 
enables the few organisms which have reached the part by the blood to settle 
and multiply. This is supported by the finding that if a bone be expen- 
mentally injured, eg by actual fracture or by stripping off the periosteum 
before the organisms are injected, then a much more extensive suppuration 
occurs at the injured part 

Mice vary m susceptibility both individually and also to different strains 
Intrapentoneal injection of (J 1 c c. of a twenty-four hours’ broth culture 
ma> cause death in a few hours, apparently from to-xiemia ; or septiciemia or 
pyicmia may prove fatal m twenty-four to forty-eight hours. Again, with 
the same culture other animals, after being very ill, recover, but often dei elop 
suppuration in the needle track later, from which they may die in some wee s 

E.xperiments on the human subject have also proi'ed the pyogenic pr^ 
perties of these organisms, Garre inoculated scratches near the root o ts 
finger-nail with a pure culture, a small cutaneous pustule resulting ; and } 
rubbing a culture over the skin of the forearm he caused a carbuncu a 
condition which healed only after some weeks. Confirmatory exf^nmen 
of this nature were made by others. Inoculation with living Staph. 
occurred in a series of children at Bundaberg, Australia, who recene 
injection of 2 or 4 minims of an accidentally contaminated prepara lo 
diphtheria toxin-antifoxm prophylactic which contained no an ' 
Eighteen out of the twenty-one fell ill in fi\’e to eight hours, m mos 
with an attack of vomiting and fever, this being followed by severe ' 

collapse and death in twelve, which occurred after fifteen to nil 

The survivors developed abscesses at the site of injection (Rep R°y* ° 


experimental inoculation 
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The effects produced by the experimental injection of the staphylococcal 
toxins have been dealt with above. 

Mode of Pathogenic Action. The events in severe acute suppuration 
indicate that the greatest effect occurs in the vicinity of the organisms, 
which are usually abundant. But leucocytosis, fever, and general symptoms 
point also to the circulation of poisonous products The question arises as 
to how far the various phenomena which have been investigated experi- 
mentally explain the natural disease picture. Killed cultures of staphylococci 
do not cause any marked local lesion unless when injected in large doses, 
i e. there does not appear to be a marked endotoxic effect, although it is 
likely that products are formed in the tissues which do not appear tn vilro 
On the other hand, the soluble toxins can cause both local and general effects 
in many respects similar to those met with clinically (Burnet). Further, 
according to Menkin the damaged tissues jdeld a crystalhne nitrogenous 
substance, leukotaxine, which is probably a relatively simple polypeptide , 
this causes increased permeability of the capillaries and also emigration of 
leucocytes, the latter being interfered with later by local acidosis due to 
disturbance of the metabolism of the tissue carbohydrates. According to 
Lyons, young organisms, in the ‘ invasive ' phase, possess capsules which 
protect them from ingestion and destruction by leucocytes 

In contrast to what is seen with Strepiococcus pyogenes, a feature of 
staphylococcal infection is the tendency to form localised collections of pus. 
The agglutinating action of normal serum on the staphylococci may be one 
factor tending to limit their spread. Also it has been found e.xperimentally 
that staphylococci quickly cause the lymphatics draining the site of infection 
to become impervious, uhereas in streptococcal infection they continue to 
dram the area for a long penod (Mcnkin, 193J5). Menkm and Walston have 
endeavoured to ascertain whether the fibnnous thromboses observed in 
lymphatic vessels follo\ving the intradcrmal injection m rabbits of filtered 
cultures is due to coagulase. Their findings indicate, however, that the rapid 
obstruction of lymphatic channels is produced by the necrotoxm and not by 
coagulase. The rdle of coagulase with respect to pathogenic action is 
indicated, however, by the findings of Wilson Smith and his associates, that 
the presence of coagulable plasma inhibits the phagocytosis of coagulase- 
producing staphylococci tn vtvo, as well as in vitro, and so is important in 
the initiation and establishment of infection. 

The tendency for persistence of staphylococci at old sites of infection with 
recrudescence of the disease later on indicates the advisability of removing 
such foci In severe infections in man, according to Butler and ^'alentl^e, 
it IS important for prognosis to distinguish between the toxic and the invasive 
features This may be done by repeated quantitative blood cultures Where 
30 to 100 or more colonies are present per c c. of blood, or where their number 
progressively increases, death is the rule, whereas when the number of 
organisms is smaller, even although general symptoms arc severe, recovery 
is likely 

Immunity and Serological Reactions. Animals can be mimuntsed experi- 
mentally by repeated and graded doses of killed or living organisms, and 
various specific antibody reactions can be demonstrated inth immune sera. 
e.g opsonic action, agglutination, precipitin reaction, complement fixation, 
but immune bactericidal antibody is not developed in such sera Stapliylo- 
coccal v.iccincs have been extensively used for the prophylaxis and treatment 
of recurrent and chronic infections, eg furunculosis, but the results recorded 
by various observers are somewhat contradictor}' 

Filtrates containing the toxins of staphylococci lead to the <levclopment 
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of antitoxins in vivo and the same is true of toxoids. Rabbits immunised u-ith 
staphylococcal toxoid exhibit a higher degree of resistance to Hnng cultures 
of the organisms (when administered subcutaneously or intravenously) than 
animals which have been injected with washed vaccines (Parish el al. ; 
Downw ; Smith) ; nevertheless local lesions may do’eJop later. Antitoxic 
serum from immunised horses has been used therapeutically in human infec- 
tions. Although it would appear to be promising in acute and toxic cases, its 
value has not yet been clearly established. Immunisation with toxoid has 
been employed with some success in the treatment of localised staphj’lococcal 
lesions, e.g. furunculosis, sycosis. According to Dolman clinical improve- 
ment is accompanied by a rise in the antitoxic titre of the patient's serum. 
Murray has estimated the average antitoxic value of human blood and com- 
pared It with that following immunisation with toxoid : a considerable 
increase was observed. Tlie results of J. F. Smith, however, in a controlled 
senes of cases of furunculosis indicated that the content in antibody of the 
patient s blood is a relatively unimportant factorin this condition ; a similar 
conclusion was reached by Hite et al. in chronic osteomyelitis. Forssman also 
has emphasised that an animal’s immunity to inoculation with live staphylo- 
cocci need not parallel the antitoxin content of its blood. Antihaimolysm 
has been demonstrated in normal human blood (Bryce and Burnet) and this 
tends to increase in infected subjects. Antileucocidin has also been shown to 
occur Human sera frequently contain a substance inhibitory to staphylo- 
coagulase (Lominski and Roberts). Its incidence appears to be higher in 
healthy people than m those with severe staphylococcal infections. 

A cutaneous reaction m the human subject analogous to the Dick and 
Schick reactions may be elicited by intradcrmal injection of staphj'lococcal 
filtrate, but the significance of positive and negative results in this test has 
not yet been fully assessed. 

As in various other bacteria! groups, complex specific carboh.vdrates 
enter into the antigeme composition of the staphylococci (Julianelle and 
Wieghard . Hoffstadt and Clark), and these substances when isolated from 
the bacterial substance yield specific reactions with antisera. The relation- 
ship of specific carbohydrates to other characters of the organisms requires 
further study. Verwey has found, however, that protein antigens are also 
responsible for precipitin reactions 

Classification of Staphylococci. It has been seen that cultures of stviphylo- 
cocct recovered as the sole organisms from acute inflammatory or suppurative 
lesions, or from the blood in cases of py.xmia or septiciemia, i.e. pathogenic 
strains, usually produce in varying degree golden yellow pigment, coagulase, 
and soluble toxins of which hiemolysin is the most easily demonstrated ; they 
also ferment mannitol and liquefy gelatin. Less commonly the cultures are 
white, the other characters l^mg the same. These corrcsjxind respective y 
with Staph aureus and Staph, alius, it being recognised that the one merges 
into the other , accordingly they may be classed together as Staph pyogenes 
(Fairbrother) According to ^ 

coagulase are the chief charac 

that the most constant chara ' ' . u o- 

, do 
efy 

gelatin Staphylococci which are recowred under other circutuin^"-''''' 
from the intact skin, normal or inflamed mucous membranes, the air, e c-' 
usually classed as ‘ potential pathogens ’ if th^' possess the 
of Staph Pyogenes. But nothing can be inferred with certainty' from 
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properties, including production of toxin vilro, regarding the degree of their 
virulence. Also, enterotoxin-produdng strains are not distinguishable b}' any 


•e when brought into 

. . . ^ ,_,ical characteristics in. 

order todistinguish groups and types, especially with a view to epidemiological 
investigations for fracing the source of outbreaks of staphylococcal infection 
Direct agglutination has not proved useful, since antisera tend to agglutinate 
various strains ; but sera which have been absorbed with homologous strains 
are deprived of agglutinin for the latter, ivhereas absorption ivith hetero- 
logous strains does not remove the power to agglutinate the homologous 
HiTie, by \be ust ol such absorbed sera, divided Staph pyogenes (coloured or 


growths and fermented mannitol were classed serologically as S/ap/i. epider- 
fttidis Cowan, by means of a simple slide agglutination reaction with 
absorbed antisera, has divided two-thirds of the strains of Staph, pyogenes 
into three types (1, 11, 111) , saprophytic strains do not belong to these types 
According to Christie el al , agglutination reactions show that staphylococci 
from furuncles and severe lesions, e g osteomyelitis, usually difler from those 
found in the nose and throat in health . also the former are more complex 
antigenicalJy By means of the precipitin reaction several pathogenic groups 
can be broadly distinguished from non*pathogens. The latter tend to be 
antigenically heterogeneous 

By typing according to their susceptibility to different preparations of 
bacteriophage, Wilson and Atkinson have recognised twenty-one types or 
subtypes of staphj’lococci 

Identification of sources of tnfecUon. The above-mentioned methods of 
agglutination and phage typing have been used for tracing sources of infec- 
tion, especially in epidemic outbreaks of staphylococcal diseases m institu- 
tions, etc . c g wound infections, puerperal mastitis, pemphigus neonatorum, 
and food'poLSoning It would appear from the findings that contamination 
from nasal or throat earners or actual staphylococcal lesions of the skin is 
frequently responsible for ongitiating such outbreaks. Knott et al recorded 
success in preventing outbreaks of infection in maternity wards by continuous 
bacteriological control, with exclusion of all earners of ‘ invasive ’ types of 
staphylococci among patients and staff. In the case of food-poisoning due 
to milk or cheese, staphylococcal mastitis of cows or goats may be the source 

MrcKOCOCCCS Tetbaoends ifiAFFKlA TETRAGENA) 

This organism, first deseniwd by Oaffky. divides in t«o planes at right 
angles to one another and is thus generally found in the tissues m tetrads 
(Fig f'). which are often seen to be surrounded by a capsule The cocci 
measure about 0 0 to 0 in diameter They stain readily with all the ordi- 
nary stains, and also retain the stain in tiram s method They grow rejdilv 
in all the media at room temperature In a stab culture in gelatin a fatrlv 
thick whitish line forms along the track of the wire, while on the surface there 
IS a thick rounded disk of whitish colour . the gelatin is not liquefied On the 
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subject is Streptococcus pyogenes, the clas^cal species described by Rosenbach . 
The biological characters and toxigenic properties of this organism will be 
considered first, as a basis for the study of the whole group of streptococci, 
their classification and relationships to' disease. The general characters of 
S Pyogenes also exemplify many of the basic features of the group 

Streptococcus pyogenes. Microscopic Characters. This organism ' 
is a coccus, usually spherical, 0*7 to 1 in diameter, and occurring in 
chains composed generally of ten or more individuals (Figs. 9, 10) The 
chains vary in length, however, dependmg largely on the environment 
As division may take place in many of the cocci at the same time, the 
appearance of a chain of diplococci is often met with. When microscopic 
preparations are made from cultures on solid media, chain formation may 
not be observed \ in fluid media, however, chains are usually well developed 
Studied by means of the electron microscope at very high magnifications, the 
streptococcal cells appear to have rigid outer membranes whose continuity 
explains the characteristic chain formation (Mudd and Lackman) In young 
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Fig 'J Streotoco>'ei in acate sup* Fis lo Sireptocoeeus pyogtntt, 
pur.-ition Stainod l)vCranf’sm«tbod culture showing chains of cocci 

X 1,000 Stain*d b> Oram’s method xI.DOi) 

cultures the cocci are fairly uniform in size, but after a time they present 
considerable variation, many enlarging to twice their normal diameter 
These are to be regarded as involution forms. The organism is non-motile 
and non-sponng. It stains readily with basic dyes and is Gram-positive. 
This reaction, however, is not so marked as in the staphylococci, and indi- 
vidual cocci may show only partial Gram-positive staining or even react 
negatively By relief staining, virulent strains can be shown to possess 
capsules, but these are a marked feature only during the active phase of 
growth in a serum medium. The capsular matenal consists mainly of a 
jKilysaccharide, hyaluronic aad After capsules have formed m a >oung 
culture they may undergo disintegration and this is apparently due to 
enzyme action There is also evidence that the enzyme hyahironidase, 
the ‘ Spreading factor ' referred to later in relation to the pathogenic action 
of the organism, affects capsule formation , thus, strains showing capsules 
fail to produce hyaluronidasc while non-capsulate strains yield it (Monson . 
McClean) 

Cultural Characters In artificial culture S pyogenes grows less abun- 
dantly than the staphylococci, and also dies more rc.idily, being m most 
respects a more delicate organism. It grows aerobically or as a facultative 
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anaerobe on tlie orfUnary culture media, £.g. nutrient agar, the optimum 
temperature being about 37® C. Only slight growth occurs at room tempera- 
ture and no growth is obtained at 10® C. Growtli is arrested between 43® 
and 45® C. The optimum pH is about 7-5 ; 
distinctly alkaline media, e.g. at pH 9*6, are 
inliibitory. The addition of blood or scrum to 
the medium enhances growth, and blood agar is 
a convenient medium for routine cultivation 
{vide infra). The addition of 0-5 per cent, glucose 
also promotes grotvth. 

On ordinary agar medium, growth takes place 
in the form of small greyish-white circular disks 
of semi-opaque ap 5 >earance, wiiich tend to remain 
separate (Fig, 11). The separate colonies remain 
small, not exce^ing 1 mm. in diameter after 
twenty-four hours* growth. Under a low power of 
the microscope they liave a granular appearance. 
Cultures on agar kept at the body temperature 
may often be dead after ten days. On blood agar, 
the colonies are larger (I to 2 mm.} and are sur- 
rounded by a clear zone of laktng or hiBrnoIysi.* 
due to the hemolysin produced by the organism. 
This presents a striking cultural character, and 
S. Pyogenes and other streptococci showing this 
character have been designated ‘haimolytic 
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Ha*mo!ysis occurs most readily under partially anaerobic 


The cehny appearances ot strams are subject to a certain amount of \anation, more 
mamfest after grow th has continued for some days Vanants can be separated w^ch 
differ in the ' roughness ' or ■ smoothness ’ ....... i 

three types (J) opa<iue, flat, rough, and 
centre and thin translucent border, and . , „ 

there \^as no exact correlation between virulence and colony form the ' rough ' varieties 
were generally the more virulent and were the usual forms found in pathological con- 
ditions Todd (1927, 1930) described two colony types, ’ matt ‘and ’ glossy ’ respectively, 
the former either virulent or attenuaferd, the latter always attenuated Dawson elal 
m further studies of colony vanants recognised four types, described as ’ * 

‘ matt ■ smooth and ‘ rough the ' matt ' form being similar to that desenoM py 
Todd and occupying a position intermediate between the mucoid and smooth 
The mucoid, smooth and rough vanants seem to be analogous to the corresponding 
phases of other bacteria 

In nutrient gefafin (\{ growth occurs at room temperature) a stab culture 
shows about the second day a thin line, which in its subsequent growth is 
formed of a tow of minute rounded colonies of whitish colour ; these may e 
separate at the low’er part of the stab They do not usually exceed 
of a small pin’s head, this size being reached about the fifth or si.xth aa\. 
The growth does not spread on the surface, and no liquefaction of the 
occurs. In broth, growth forms minute granules which aftenvards fall to e 
bottom The appearance in broth, however, presents variations, an i 
strains are repeatedly subcultured in this medium the growth becomes more 
uniformly turbid and less granular. More abundant growths can be ootaine 
m a meat-digest broth than in meat-infusion medium. id 

Biochemical Reactions. In milk a strongly acid reaction is ’ 

but no clotting of the medium. This organism ferments wath acid pro 
glucose, lactose, saccharose, sahcin, and trehalose ; mannitol is not us y 
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fermented , there is no fermentation of sorbitol, inulin, or raffinose , but 
different strains vary as regards their fermentative reactions 

Further reference will be made to the characters of S pyogenes in connec- 
tion with the group of streptococci as a whole 

Viability. Cultures on ordinary media die in ten to fourteen days at 
room temperature, but survive much longer if kept at low temperatures. The 
organisms can be kept alive and virulent if rapidly dried at a low temperature 
and maintained in this state A convenient method for preserving the 
viability of laboratory cultures, is to grow the organisms in a cooked-meat 
medium and then keep the culture at 0° C. Freezing below —15° C. of a 
culture in broth plus blood or boiled blood also preserves the virulence 
The thermal death point is 54° to 55° C 5 pyogenes is fairly resistant 
to natural desiccation and remains viable for considerable periods in 
dust. 

Toxins. As stated above, S pyogenes has a distinct hiemolytic action, 
and this is due to the production of a diffusible toxin. The afnount of hiemo- 
lysin formed varies greatly in the case of different strains and also according 
to the medium used McLeod recommends a medium composed of 20 per 
cent horse serum and 80 per cent peptone broth In this medium the 
maximum formation of hasmolysin is reached in about eighteen hours, and 
thereafter a diminution occurs Haemolysin can be demonstrated readily by 
cultivating the organism in serum broth for six to fifteen hours and then 
adding varying quantities (from Olcc tolcc)of the culture to 0 5 c c of a 
5 per cent suspension of washed ox red blood corpuscles The mixtures are 
incubated at 37° C for one and a half hours and hamolysis, if present, can 
then be determined 

It has been shown that S pyogenes produces Uvo distinct hamolj^ins (see 
Todd, 1932, 1942) One of these (designated ‘O’) is oxygen-labile and 
undergoes reversible oxidation , it is produced in large amount in a suitable 
broth medium without serum Immunisation of animals yields a specific anti- 
hsemolysm The other (designated ‘ S ') is not present in^erum-Tree broth , it 
IS soluble in serum It is not sensitive to oxygen, but is very susceptible to 
heat, even at 55° C , it also deteriorates at room temperature It is non- 
antigenic in the form in which it is extracted by serum from the streptococcal 
cells, but immunisation of animals wth the living organisms gives rise to S 
(as well as 0) antihsemolysin As judged by neutralisation reactions with 
antisera, the two h$molysins are separate antigens 

Among other diffusible products a leucocidin and a fibnnolysin have been 
demonstrated Some evidence has been brought forward to show that leuco- 
cidm production can be correlated with \arulence Tillett and Garner have 
found that broth cultures and also filtrates of S pyogenes lyse human fibnn 
withm forty- five minutes and that serum from a patient convalescent after 

— i... .i... — action The fibrinolytic 

100° C for sixty minutes It is 
s proportional to its fibnnol>tic 
activity (Tillett) The scarlatinal toxin product by strains of S pyogenes 
will be dealt with later An exotoxin capable of causing an immediate lethal 
effect on animals after intravenous injection has also been described (Hams) 

In addition to these exotoxins, substances of the nature of endotoxin have 
been demonstrated in streptococcal cultures These will be discussed in 
relation to scarlatina and acute rheumatism 

Reference has already been made to Lyaluromda<;e as a product of 
S Pyogenes and its relationship to capsulation of the organism It is now 
recognised that this agent is capable of increasing tissue jwrmeability and 
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may play a part in the rapid spread of the streptococcus in the tissues. 
Crowley, howev’er, has pointed out that it is produced by onlv a limited 
number of strains and he considers it is not related to virulence. The produc- 
tion of hyaluronic acid and hyaluronidase by S. pyogenei, and their relations 
' ■ ' ’ nism are problems which require further 


1. ■ ' : i'- S'. ■ . S. though the prevalent form 

of streptococcus in the commoner pyogenic infections, constitutes only one 
species of a large biological group, and comprises in itself a number of types 
differing in serological characters The streptococcus group is thus hetero- 
geneous, and apart from the typically pathogenic forms embraces species or 
types which are common commensal organisms flourishing in the mouth, 
throat, intestines, etc Moreover, streptococci derived from animals often 
present features that differentiate them from those usually found in the 
human subject. The biological classification of all these organisms presents 
many difficulties, and different systems of classification and nomenclature 
have been used at different times. Morphology, biochemical properties, 
hsmolytic action, and other visible effects on blood incorporated in culture 
medium, resistance to heat, habitat (among the commensal types), relation- 
ship to disease, aerobic or anaerobic characters, serological reactions, etc , 
have all been utilised in classification and nomenclature. Failure to form 


catalase is a characteristic of the whole group. 

Morphology. S. pyogenes shows chains of moderate length as a rule ; 
commensal streptococci* of the mouth and throat vary .in this respect, anti 
long-chained forms are sometimes met wth. The fjecal streptococcus (gener- 
ally designated ‘ enterococcus ') occurs usually either as diplococci or short 
chains. The shape of the individual cocci varies ; 5. pyogenes consists usually 
of spheroidal forms, but among the mouth and throat organisms the cocci 
may be oval or elongated. The enterococcus consists of relath’ely large oval 
COCCI, which may be lanceolate m appearance and resemble the pneumo- 
coccus Certain vaneties are markedly capsulate and the ^fferentiaffon 
of these from the pneumococcus has sometimes presented difficulty. Fot 
all practical purposes, however, morphological differences are of little 
significance in the biological classification of these organisms. 

H/emolysis and other Visible Changes Produced in Blood Media. 
The changes produced by streptococci when grouing on a medium con- 
taining blood have pro\’ided most valuable criteria for the recognition of 
certain main groups of these organisms. Schottmiiller first emploj'ed the 
appearance of the colonies of streptococci on blood agar as a means of separa- 
ting varieties. The medium consisted of 2 parts human blood (rabbit, horse, 
or ox blood may likewise be used) and 5 parts melted agar ; it js, however, 
better to add the blood in the proportion of 5 to W per cent. He distmguis e 
the ' Streptococcus er 5 'sipelatis ' (corresponding to 5. pyogenes), which forme 
grey colonies and had a marked haemolytic action, the Streptococcu 

\’iridans which producedsmallcoloniesofgreencolour.ascribedtofonna lo 

of methcemoglobin, and very little hsmolj'sis. Mandelbaum added to 
the ‘ Streptococcus saprophyticus which was without hemolytic ac i • 
Smith and Browm studjnng the appearances of cultures on horse bloo ^ ag > 
designated the hiemolytic streptococci as tj'pe p. the virtaans strains 
type a. They regarded the a type as weakly hamolytic and drew ^ en 
the partial hremolysis in the discoloured zone round colonies on o ‘ 

The commensal streptococci of the mouth and throat are mostly o .. | 
virtdans type. A further t 3 'pe of reaction on blood medium was . 

and designated a' h$mo)ysis ; in this case there is an area of lysw r 
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colonies, but it is somewhat less clearly defined than the typical hsmolysis 
and discoloration is absent The * Streptococcus saprophyticus ' of Mandel- 
baum is Smith and Brown’s t>'pe ; y it is entirely devoid of hemolytic 
properties and causes no discoloration on a blood medium The enterococcus 
is of this type 


results of this test for hiemolysis and those obtained by adding fluid culture 
to a blood suspension. Thus certain streptococci may be of the /5 or 
hiemolytic type on blood agar, but produce no hajmolysin demonstrable in 
fluid culture It has been generally supposed that the green coloration of 
5. viridans on blood agar is due to metlnemoglobm The colour change, 
however, is more marked when the organism is growing m a medium con- 
taining heated blood, being yellow-green ; it is favoured by the presence of 
acid. The j'ellow colour of growths of S vtndans and the pneumococcus on 
heated-blood media is proportional to the amount of hydrogen peroxide 
which they produ"'* to pro- 
duced artificially The green 

coloration of heal , ” in oxidation 

product of h®matin. Green coloration, however, is not produced by the 
action of peroxide alone, either on heated or unheated blood, and the nature 
of this colour effect of S. viridans is still obscure. 

It IS doubtful, whether the distinction between hiemolytic and 
non-hiemolytic streptococci, as judged by appearances on blood agar, 
is fundamental, since there is evidence that in the animal body the non- 
hemolytic type may be derived from the hemolytic Thus, it has been 
found aRer inoculation svith a culture of haemolytic streptococci that a pro- 
portion of the organisms recovered a few hours later are non-hemolytic and 
reduced in virulence Fiy (1933) has shown that streptococci, derived 
directly from the body, when grown aerobically may sometimes appear to 
be of the viridans type, and yet under anaerobic conditions >'ield colonies 
with marked rings of hamolysis, and wlhout any green coloration, and when 


hiemolytic variants to produce typical p luemolytic colonies. Growth under 
increased oxygen tension leads to the development of viridans variants 
(Isaacs) 

cole 
of s , 

are of the hiemolytic type {P), the usual mouth and throat commensals of the 
viridans (a) type, and the enterococcus of the y type 

5 . Pyogenes, as has been indicated above, is the classical species among 
the ha-molytic streptococci and that most frequently present in human 
disease, but it has been long recognised that these ha;molytic organisms 
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named ' 5. salivanus streptococci of different origin and habitat, e.g. 
S. bovts and S. equinus, exhibit the same green coloration on blood agar. 

Ikluch work has been done by D Thomson and by Warren Crowe with a view to sub- 
dividing and Classifying the non-haemolytic streptococci, mainly by appearances of 
colonies on inspissated or coagulated blood media. Thomson has used a medium of 


feces, vagina, and unne He points out that an enormous number of different varieties 
of these streptococci can be recognised in this way. and that the mouth and upper rcspira- 
torj- passages constitute their principal reservoir. He has shown that the streptococcal 
flora of the mouth is in a state of constant variation and also varies widely among 
different individuals , thus, on any one occasion many different varieties may be present 
in the saliva He finds that the streptococcal flora of animals differs considerably from 

that of man, “ ■' *1. a 

group which ■ ■ . . i with 

other bacteni ■ The 

main object of these studies has been to determine whether particular types arc specifi- 
cally associated with pathological conditions, and one variety has been found related to 
the common cold For details the original papers should be consulted. 

Biochemical Pbopertics and other Cuara(^rs. Fermentation re- 


growth And when passed through the animal body (Ainicy Walker ; Beattie 
and Yates) Gordon, and Andrewes and Horder originally employed a series 
of biochemical reactions for the differentiation of types (clotting of milk, 
reduction of neutral red, acid fermentation of lactose, saccharose, raffinose, 
salicin, coniferin, and mannitol) ; and si.y varieties, of which five occurred in 
the human subject, were recognised in this u'ay ; (1) 5. milh occurring nor- 
mally m the sahvM and fieces. (2) S. pyogenes the common pathogenic type, 
(3) S saltvartus occurring normally in the mouth, (4) S. anginosns found in 
inflammatory conditions of the throat, (5) 5. facaUs occurring normally in 
the fjEces and corresponding to the organism now desi^ated enterococcus, 
(6) S equtnus which was found to be common in the air and dust of towns 
and was derived apparently from horse dung. This sj’stem of classification 
IS now only of historical interest. Or ... . . 

have frequently been stressed as ch 
rafBnose fermentation of salivary st 
mentation of the fiecal streptococci. 

tion of hemolytic streptococci from human and animal sources respeciivei> 
can often be made by fermentation tests with sorbitol and trehalose, human 
strains fermenting trehalose but not sorbitol, animal strains fermenting 
sorbitol but not trehalose (Edwards) The final acidity produced after gro^^ 
in 1 per cent, glucose broth is a further distinguishing feature, the pH wi 
the prevalent streptococcus of bovine mastitis (5. agalactia) being not o\cr 
4 8, while with S Pyogenes the pH is over 5. The enterococcus ynelds a na 
pH of 4 0 to 4-2 , . . . 

Certain other reactions have also been employed for different^ 
members of the group, Hvdrolysis of sodium hippurale is effected > 
agalactia, the organism usually met with in bovine mastitis. Ability P . 
Ance groii'th on media contatningbiJe salk, e.g MacConkey's, is a feature o 
enterococcus , the usual p)'Ogenic streptococci and streptococci 
mouth and throat usually fail to grow m the presence of bile salts Kct 
to heat IS a criterion in the separation 0/ the enterococcus from other 
{vide infra). The temperature range of growth may also be a characteris 1 , 
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S. lachs (the saprophytic streptococcus associated with the curdling of milk) 
and the enterococcus grow at 10® C., whereas S pyogenes and the mouth and 
throat commensals are unable to flounsh at this temperature The entero- 
coccus also differs from S pyogenes in its ability to grow at 45° C Growth tn 
the presence of 6-5 fer cent NaCl and growth at a pH 0/9 6 characterise the 
enterococcus Reducing properties are strongly shown by S lactis and most 
strains of enterococcus, in contrast to other streptococci Certain strepto- 
cocci when first isolated exhibit anaerobic or micro-aerophihc characters and 
some of these have a putrefactive action in cultures 

Enterococcus. This designation has been applied to the common type of 
intestinal streptococcus to which the name S facalts w as ongmallv attached 
When growing m the body it 
usually occurs as a diplococcus, 
the mdi\ndual organisms being 
oval or lanceolate like the pneumo- 
coccus , the members of a pair are 
often set at an angle and unequal 
in size In cultures it shows con- 
siderable pleomorphism, and tends 
to grow m masses, thoUgh short 
chains occur in fluid media (Fig 12) 

On the surface of agar it produces 
a thin, semi-transparent layer wth 
smooth margins, and there is not 
the tendency to form separate 
colonies vhich is shown by most 
streptococci Isolated colonies are 
usually somewhat larger than those 
of other streptococci It produces 
a diffuse turbidity in broth, with 
the formation after a time of a 
somewhat glairy deposit , some- 
times there is a scum on the surface It flourishes well at a lower tempera- 
ture (eg 20® C ) than that at which S pyogenes will grow, and has great 
longevity in cultures Growth occurs at 10® C to 45® C , at a pH of 
9-6 , and in the presence of 6 5 per cent NaCl On blood agar there is 
no haemolysis and no green coloration. This organism is representative of 
Smith and Brown's y type (vide supra) Some streptococci, however, which 
correspond m other characters to the enterococcus may be hemolytic on 
blood agar, e g varieties designated S zymogenes and S durans It possesses 
a relatively high resistance to heat broth cultures survive exposure to CO® C 
for thirty minutes, while other streptococci are killed in five to ten minutes 
at this temperature In testing for heat-resistance the reaction of the culture 
fluid should be neutral When first isolated, some strains have been found to 
prefer anaerobic conditions It ferments lactose, mannitol, saiicin, and 
a;sculin, and coagulates milk It differs from other types of streptococci in 
Its ability to grow on a medium containing bile salt Hydrogen sulphide is 
produced in cultures Some strains liquefy gelatin Most strains have strong 
reducing properties in culture 

Anaerobic Streptococci. Organisms of this group were first desenbed 
In \'eillon In morphology they arc t\’pical Gram-positive streptococci, 
though occurring frequently as diplococci or in short chains In many strains 
the COCCI are exceptionally small (about U 4 «) They require an atmosphere 
containing excess of carbonic acid and appc.ir cither as strict anaerobes or 
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micro-aerophiles when first isolated, and grow best at body temperature. 
A suitable medium is one containing glucose and blood or serum. Some 
strains produce gas and putrefactive odour in culture ’medium. They show 
varied fermentation reactions like the aerobic types ; hajmolytic action is not 
usually present on blood agar, but hamolytic strains have been included in 
the group. Sometimes colonies on blood agar show a black discoloration. 
They have been found normally on Nmrious mucous membranes, and have 
been isolated from gangrenous conditions of the urogenital tract, intestine, 
and lungs, and in various septic lesions. They occur also in puerperal sepsis 
and m this condition they may produce a general infection. Recently 
attention has been drawn to a massive infection of muscles by anaerobic 
streptococci along ivith S. Pyogenes and staphylococci, following infected 
wounds and closely similar to gas-gangrene due to the usual anaerobic 
bacilli The diagnosis of such streptococcal myositis may be made by 
microscopic examination of stained smears from the affected muscles. 
Haemolytic strains have been found in a characteristic spreading ulcerative 
condition of the skin. The classification of these anaerobic streptococci 
requires further investigation. 

Aronson’s Streptococcus. This type is of special interest in virtue of its 
resemblance in certain respects to the pneumococcu*s (y v.). As pointed out 
by Griffith (1935) it is similar to this organism in its colony structure, viru- 
lence for mice and rabbits, the formation of capsules, the production of 
specific precipvtable substance, and the occurrence of transformation to the 
R form associated with attenuation in virulence On the other hand, it 
differs from the pneumococcus in the spherical shape of the cocci, the absence 
of autolysis in surface colonies, insolubility in bile, the production of a hamo- 
lysm (like that of the classical S. pyogenes) and the ^ hemolysis of deep 
colonies in blood agar. This hiemolysin, however, is intimately associated 
uith the organisms and is practically removed from a fluid culture by centri- 
fuging out the streptococci (Howie). Griffith recorded its isolation from 
the throat of the human subject, but did not regard it as pathogenic, m 
Lancefield's serological classification {vide infra) it apparently falls into the 
group which comprises the streptococci of bovine ongm 

Streptococcus mucosus. Non-h^molytic streptococci producing thick 
easily demonstrable capsules and yielding mucoid growths on culture medium 
have been desenbed under this name. Their insolubility in bile and the 
absence of inuUn fermentation distinguishes them from the pneumococcus, 
although, like Aronson’s streptococcus, they may constitute intermedia e 
forms, Capsulate hfemolytic streptococci producing mucoid growths have 
been desenbed in milk-borne epidemics of sore throat and designa e 
S. epidemicus, but it is doubtful if these merit separate mention , 
formation of mucoid colonies, as already shown, may be a variant charac e 
of S. pyogenes. ^ f • of 

Streptococcus agalactits. This designation has been given to . 

streptococci found m the subacute and chronic forms of ^ 

presenting the following characters • chains long ; growth in broth o 
lent . milk acidified and coagulated m forty-eight hours ; strains va^ 
regards appearance of colonies on blood agar and include a, P, ^ ^ ’ 
the p strains produce a filterable hsmoly^ which is QXj'gen-stable , ® 
hippurate is hydrolysed . glucose is fermented, also saccharose and r - » 
but not mannitol and sorbitol , strains vary as regards Jailed 

lactose and sahcin ; final pH of growths in glucose broth 4*2 to • . 

at 60° C (thirty minutes ) ; does not reduce methylene blue in rn 
effect on sodium hippurate is tested by growing the streptococcu 
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containing 1 per cent of this substance for five days at 37° C , then 0-2 to 0*4 
c.c. 12 per cent, ferric chloride solution containing 2 per cent, concentrated 
hydrochloric acid is added to 1 c.c of the culture A precipitate remaining 
insoluble indicates the presence of benzoate, which denotes hydrolysis of the 
hippurate As will be shown later, S agalactia corresponds to Lancefield's 
serological Group B. 

Another designation given to this organism is Group I of the streptococci 
associated with mastitis and two other groups of these organisms have been 
recognised. Group II (' S dysgalactia ’) is associated with the acute or sub- 
acute disease. The organisms are non-hsmolyttc, reduce methylene blue in 
milk, do not ferment mannitol, salicm, orinulin. Group III (' S uhens ’) are 
also non-h$molytic, acidify milk at 10° C., reduce methylene blue and ferment 
mannitol, salicin, and inulin. It should also be noted that haimolytic strepto- 
cocci may occur in bovine mastitis, differing from S. pyogenes m fermenting 
sorbitol but not trehalose These can be assigned to Lancefield’s serological 
Group C. 

Streptococcus lactis, the streptococcus found in milk and responsible for 
curdling, has generally been regarded as similar to the enterococcus, but it 
has been shown recently by Shattock and Mattick that it differs clearly from 
the latter in its failure to grow at 45° C or at pH 9 (5, and its sensitivity to 
heating at 60° C for thirty minutes under the conditions of their e.\penments 
While saccharose ts usually fermented by the enterococcus, S laclts docs not 
ferment this sugar The serological difference of these two organisms is dealt 
with later 

’Differential Characters of Streptococci commonly met with in the Human 
Subiect : 

A Aerobic 

(1) ‘ Hsemolytic ' Streptococci, prodttcutg filterable hamolysxn Chains 
of moderate length consisting of spheroidal cocci , viability m culture 
moderate , salicin usually fermented, mannitol usually not fermented , 
killed at 60° C withm thirty minutes . groAvth inliibited by bile salt The 
great majority of these organisms are S Pyogenes 

(2) ‘ Xon-h®molytic ' Streptococci , filterable hamolysxn not demonstrable 
in cultures 

{a) Month Streptococci Chains frequently long and cocci elongated ; 
viability in culture weak , peroxide production well developed ; on blood 
medium produce green coloration (S vindans), though some strains show 
no visible alteration of blood , frequently ferment raffinosc , mannitol 
not fermented , killed at 60° C within thirty minutes , growth inhibited 
by bile salt 

(i) Facal Streptococci (Enterococcus) Cocci o\’al and m pairs or short 
chains , viability in culture considerable , peroxide not formed , on blood 
medium no visible alteration in colour . usually ferment mannitol and rescuhn ; 
resist CO® C for thirty minutes ; growth not inhibited by bile salt . produce 
HjS , some liquefy gelatin 

B Anaerobic. Distinguished by their anaerobic or micro-aerophilic 
characters , usually non-h.x’molytic 

Serological Classification of Streptococci. Attempts have been made 
to cla-.'if) streptococci by serological metho<.ls — agglutination and pre- 
tqntation rcactioris with specific antisera Special attention has been dcioted 
to the haemolytic streptococci. Serological!} tbc^c streptococci represent a 
heterogeneous group Earlier workers on tins subject attempted to classify 
them iiy agglutination reactions into well-defined t>i'cs .and to differentiate 
the scarlatinal strains from the ortlinar}' psogcnic streptococci in this way 
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This system of classification, as has been shown, though originally applied 
to the hremolytic streptococci also includes organisms of the non-haimolytic 
category. In connection with the practical application of grouping tests for 
tracing the origin of streptococci, it should be noted that rapid passage 
through mice of a Group A strain has been found to lead to loss of the group 
carbohydrate without the acquisition of carbohydrate of another group 
(Wilson) 

Method of deterwtmng the serological group Precipitating sera /or the %.Trious groups 
are obtained by imniuni<imR rabbits niHi rcprcsentatite strains Cultures in hom-fiesh 

.. 

• iisation is 

- . _ ^ tm of high 

i>otcncy should be aimed at Iti testing a particular strain an eighteen to twenty-four 
iiours’ culture m digest broth (/> c c ) is obtained , this is centrifuged and to the sediment 
0 1 c c fcirinamidc is addcil, tiicn the tube containing the mivture is placed in an 
oil bath at 150 C for iifteen minuter. Thereafter it is cooled and 0 2.^ c.c. acid-alcohol 
(05 parts absolute nJcohoI and 5 jjaris 2X hydrochloric acid) is added It is then centri- 
fuged and the supernatant fluid pipetted oh and niised withO'Sc c. acetone. The mixture 
IS centrifuged and the supernatant discardcil I cc. of normal saline is added and a 
drop of phenol red indicator, and the solution is neutralised with solid sodium carbonate 
This extract is then used for the test The precipitation reaction is determined by adding 
varj mg concentrations of the e.xtract (undiluted, 1 in 3 and 1 in f>) to an equal volume 
<d undiluted serum in narrow tubes, the extract I>eing carefully supenmposed on the 
serum ITecipitation occurs at the interface within five minutes and is easil)' obsened 
To economise serum the test may be earned out in c.apillarj- tubes 

Griffith's typrs Tlicse iiave I>ccn designated numerically 1, 2, 3, etc. As 
alreadi mentioned, most of tliem belong to Group A, and the most frequent 
are types 1, 2. 3. 4, 0, and 8. Tlje types wliich do not fall into Group A are 
7. 16. 20, and 21 » 


Antisera are obtained by injecting rabbits with repeated doses of killed cultures of 
representatne strains Such antisera show many cross-reactions, but these efiwts 
be partially nr whollv removed bv absorption ; and for fin.il routine testing absorbed 
sera as free as possible from cross-reactions .ire used Jn determining the type oi an 
unknown strain, a preliminary agglutination test is made with pooled sera, each pool 
representing fouror five types .\fter ascertaining with which pooled scrum the organism 
reacts, the actual type c.in be dctemiined with the individual sera comprising the 

I'or the test the streptococci arc grown in rabbit scrum broth for eighteen to twenty - 
four hours . the supernatant fluid after ccntnfugmg is removed aniKi dense 
made by' emulsifying the scdinier 
granularity of suspensions By 
uniform growth The possibility 

this procedure the original antigenic characters of the strain tnay be modihed w era 
The actual test is usually performed with undiluted serum by the slide method, am 
clumping IS visible to the naked eye or with a lov' magnification of the microscope "i 
a iew' minutes 


There js evidence that other groups besides A can be subdivided \ 
agglutination reactions into multiple serological types. Tims, tliree mam 
types have been recognised in Group B (Stableforth) . .. 

The ujri^ciiis streptococci have likewise been sJiown to be 
heterogeneous, but so far such serological studies have not led to any e ' 
classification. • 

Practical applications of serological classtjicaiiofi. Lancefield s 
of the hjemolytic streptococci has undoubtedly proved 
identification of strains which are of human origin and potentially pa ® 
to man — Group A , but though most of the strains isolated 
disease can be assigned to Group A, members of other groups, as 
noted, may occur either as commensals or in actual infections, som 
* 7, 20. and 2l belong to Group C ; 16 to Croup G. 
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a severe nature Group B is of special importance in veterinary medicine as 
it comprises the strains most frequently associated with boidne mastitis, 
though strains of other groups may occur in this disease. Group C is also of 
veterinary importance. The outline given above of the various groups 
illustrates the practical relations of this system of classification 


medical or nursing attendant, it has been generally assumed that the infection 
has been derived from the latter. If the same type is found m several cases 
which have some association with one another, this would mdicate a common 
source of infection or the spread of the infection from one case to the other 
If in hospital in a case of scarlet fever presenting some suppurative complica- 
tion, the strain isolated from the latter differs in type from that present m 
the primary infection, it may be concluded that the complication is due to a 
new infection. 

The practical applications of serological classification will be illustrated 
further in the discussion of vanous forms of disease produced by the 
haemolytic streptococci 

Experimental Inoculation. S pyogenes is an organism the virulence of 
which varies much according to the diseased condition from which it has been 
obtained, and also one which loses its virulence rapidly in cultures. Even 
highly virulent cultures, if grown under ordinary conditions, in the course of 
time lose practically all pathogenic power. By passage from animal to 
animal, however, the virulence may be much increased, and pan passu the 
effects of inoculation are correspondingly varied. Marmorek, for e.xample, 
found that the virulence of a streptococcus could be enormously increased 
by growng it alternately (a) in a mixture of human blood scrum and broth, 
and (b) m the body of a rabbit , ultimately, after several passages it possessed 
a super-virulent character, so that even an extremely minute dose introduced 
into the tissues of a rabbit produced acute scpticaimia, mth death in a few 
hours It has been proved that the same streptococcus may cause at one 
time merely a passing local hypertemia, at another a local suppuration, at 
another a spreading erysipelatous condition, or again a general scpticiemic 
infection, according as its virulence is artificially increased Such expenments 
are of extreme importance as explaining to some extent the great diversity of 
lesions in the human subject with winch streptococci are associated In 
addition to the general infection jiroduccd by virulent strains, localisation 
may occur in certain tissues, e g joints and muscles, with associated lesions, 
while haemolysis and an.xmia may result from the action of the toxins The 
leucocidin enables the organism to break down the first defences of the body 
and the fibrinoljsm and spreading factor, if produced, may facilitate spread 


highly virulent for mice 

^'on-h<rinotytic streplococct. In animal experiments these streptococci arc 
usually of low Wrtiicnce. Large doses of culture can often be inoculated 
without obvious pathogenic effect After intravenous injection they may 
sometimes localise m the endocardium, producing endocarditis with vegeta- 
tions, the lesion being somewhat similar to tliat of sub.icute bacterial 
endocarditis of the human subject. Some workers have found also a selcctii c 
localisation in sjmovial membranes, the pencardmm, kidney, and m tlic 
cercbro-spinal fluid. Such results haxxj suggested the relation of organisms 
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of this type to acute rheumatism and its complications, but recent eWdence 
has indicated that hiemolytic strains are associated with this disease [vide 
infra). Localisation in the gall-bladder with resulting cholecystitis and cal- 
culus formation has also been recorded in the case of streptococci isolated 
from the gall-bladder and cystic lymph gland of cases of cholecystitis in the 
human subject ; but streptoccod from other sources may localise similarly 
in the gall-bladder and produce cholecystitis. 

Lesions in the Human Subject. Hamolyiic streptococci are especially 
found in spreading inflammation with or %vithout suppuration, in diffuse 
phlegmonous and erysipelatous conditions i^iie infra), suppuration in serous 
membranes and in joints. They are common in wound suppurations, usually 
along with other pyogenic organisms. During the war of 1914-18 strepto- 
cocci were usually to be found in gun-shot wounds ; at first the enterococcus 
abounded, at a later stage haemolytic streptococci were the more common 
type In most cases this was the result of hospital infection. These organ- 
isms may also cause acute suppurative osteomyelitis and ulcerative endo- 
carditis [vidt infra). Lymphangitis and secondary abscesses in lympliatic 
glands are frequently caused by them. These lesions often occur verj’ 
quickly when a virulent streptococcus has gained entrance through a prick 
or scratch m the skin, and in such cases there may be little or no inflammatory 
reaction at the site of entry of the infection. Impetigo can be generally 
attributed to hamolytic streptococci They produce fibrinous exudation on 
mucous surfaces, leading to the formation of false membrane, e g, in the throat 
in scarlatina and otlier conditions, and they are also the organisms most 
frequently present in acute catarrhal inflammations in this situation. The 
relation of streptococci to scarlatina will be discussed in detail .later. 
Epidemics of sore throat, often of a severe type, have been attributed to 
streptococci spread by milk and derived from udder infection in the cow. 
Suppurative otitis media with its sequela— ^.g. mastoiditis, meningitis— is 
frequently streptococcal in origin H®roolytic streptococci may be found 
in the broncho-pneumonic conditions occvtmng as complications of othw 
infections, e g. influenza. In puerperal sepsis they are frequently found 
in pure or mixed infection, and they appear to be the most frequent cause 
of puerperal septicemia {vide infra). In pyemia they are freque^ly 
present, in some cases associated with other pyogenic organisms. The 
question of their relationship to acute rheumatism %vili be referred to later. 
It has been reported by Jordan and Buirows that poisoning may result from 
the ingestion of food contaminated by streptococci, just as in the case ot 
staphylococci. The epidemiological aspects of streptococcal infections are 
dealt with later. . , 

Non-hxmolytic streptococci. These are generally of lower rirulence an 
associated with less acute infections They are slowly invasive, and suppura- 
tion and tissue destruction are not marked features of the inflammatory 
lesion. They are frequent in tonsillitis, otitis, dental abscess, pyorrhoea a veo 
laris, and bronchitis. They may occur, however, in broncho-pneumonia an 
even in septicemic conditions. Non-haemolytic streptococci, both o 
viridans and enterococcus types, are associate with a certairi 
cases of cholecystitis and can be isolated from the bile, S 'L,;' 

or cystic lymph gland. The condition of subacute bactenal . . 

(vide infra) is usually due to the viridans type. Some cases of 
infants have been attributed to the enterococcus. In late cases ot ^ 
dysentery this organism may be present in the stools in v^y ^ 
suggestive of a secondary infection- The lesions in which the . 

found are mainly those where infection can be traced from the - 



STAPHYLOCOCCI AND STREPTOCOCCI 165 

cystitis, appendicitis, peritonitis, choleqrstitis. It has been found also in 
abscesses follo\ving typhoid feyer.in middle ear disease of infants, and in some 
cases of subacute endocarditis with metastatic suppuration in internal 
organs. It is difficult, however, to assess the pathogenicity of this organism 
in vanous conditions in which it may be found in a mixed infection. 

T ■ *r. 'A ' ’ ' ‘ • 


pneumonia (of the horse), omphalophlebitis of new-born animals %vith meta- 
stases in liver and joints, and suppurative cellulitis Reference to the 
serological groups responsible for animal disease is made on p 161. Bovine 
mastitis is one of the most important and prevalent of animal diseases due to 
streptococci The condition is generally regarded as transmissible among 
the animals of dairy herds, the organisms being conveyed from the udder, 
teats, and milk of an infected animal to the udder and teats of others by the 
hands of milkers, the cups of milking machines, etc. The commonest form 
of streptococcus in subacute and chronic mastitis is the S agalactia (Lance- 
field’s Group B) Two other types of streptococci associated %vith mastitis 
have been recognised (p. 169), and haemolytic Group C strains have also been 
found It has proved difficult to establish the causal relations of S 
agalactia to mastitis by experimental inoculation of the udder, and though 
this organism and the other streptococa referred to have an undoubted 
association with the disease and are probably the exciting agents of the active 
lesions, other predisposing factors appear to play an etiological part , these 
are still undefined The question, of course, has arisen whether such organ- 
isms are the primary infecting agents or whether their r61e is secondary , this 
also requires further investigation. It should be noted that other organisms 
besides streptococci may be associated wth bovine mastitis, e g. staphylococci 
and Bactlhis (or CoryuebacUrtutn) pyogenes. S Pyogenes (Group A) may 
sometimes be associated wth an acute form of mastitis, but in this case 
the infection is derived from a human source among those handling the 
animals; m turn, the milk from the infected animals may spread the 
infection in the human subject, producing, for example, a severe form of 
epidemic sore throat. 

Scarlatina. It has been long recognised that streptococci are usually 
present in large numbers in the throat in scarlatina, and that many of the 
complications of this disease are undoubtedly streptococcal At one time 
streptococci were regarded, in virtue of their occurrence in the disease, as 
the likely etiological agent, and the associated strains were designated S 
scarlatina Thus, in 1887 Klein as a result of the investigation of milk-borne 
outbreaks, claimed that the disease was due to a definite type of streptococcus, 
but subsequent work showed that the scarlatina streptococcus was similar in 
Its cultural characters to the pyogenic strains and had no specific pathogenic 
effects on animals Later vie>vs tended to reverse the ongmal idea, although 
the almost constant occurrence of hannolytic streptococci in the throat was 
well recognised, and it was supposed that these organisms represented a 

secondary .... , * _ .i « 

undetormi 
the filteral 

howc\cr, led to negative results. 

In 1923, G F. and G H Dick were able to produce scarlet fc\cr m the 
human subject by infecting the ttiroat with a culture of a hxmolytic strepto- 
coccus isolated from a known case of the disease (a finding which h.as been 
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confirmed by subsequent workers) ; then they demonstrated that the scarla- 
tina streptococcus produces a ^Eusible toxin, present in filtrates from 
cultures, which, injected intracutaneouslyin persons susceptible to the disease, 
elicits a reaction of cutaneous erythema and inflammation ; while non- 
susceptibles {eg. convalescents) generally fail to show the reaction. This 
reaction is therefore analogous to the Schick reaction for susceptibility to 
diphtheria {q v ), and is designated the Dick reaction. They also produced 
symptoms of scarlet fever by injecting subcutaneously the filtrate of a culture 
of the scarlatina streptococcus. The validity of the Dick reaction has been 
generally accepted Thus persons during the early stage of the disease (first 
three days), in the majority of cases, exhibit a positive reaction illustrating 
apparently their susceptibility to the toxin and the absence of any natural 
or acquired immunity. On the other hand, convalescents usually show a 
negative reaction, which suggests the acquisition of an antitoxic immunity 
as a result of the infection. Discrepancies, however, are sometimes observ’ed 
between the results of the test and the clinical state [vi^e tnfra) It has also 
been showm by the so-called Schultz-Charlton reaction that the serum of 
convalescents contains a neutralising antitoxin, i.e. the intracutaneous injec- 
tion of the convalescent serum (e.g. 0-2 c.c. of a 1 in 10 dilution) produces a 
local blanching or ' extinction ' of the rash in an active case. Further, the 
serum of convalescents neutralises the Dick to.vin when mixed with it and 
injected into the skin of a known susceptible person. These facts, together 
ivith the constant occurrence of haemolytic streptococci in the throat, strongly 
support the view that scarlatina is due to infection of the throat ivith a 
hsmolytic streptococcus capable of producing a specific diffusible toxin 
which is responsible for the general manifestations of the disease, and that the 
infection is in the first instance focal, the general condition being essentially 
a toxffimia But immunity to scarlatina is dependent not only on antitoxin 
but also on antibacterial resistance, for it has been shown that infection by a 
scarlatina streptococcus does not necessarily produce scarlatina in a Dick- 
positive reactor (Schwentker e/ a/.). The degree of to.vigenicity of hremolytjc 
streptococci is also a factor m the production of scarlatina ; thus, as shown 
by Hamburger, there may be seasonal variation in the capacity of these 
organisms to produce the charactenstic syndrome, , 

As mentioned earlier, the question arose whether the streptococcus or 
scarlatina constitutes a specific type. This led to extensive studies of the 
serological characters of strains of hcemolj'tic streptococci from scarlatina 
and other conditions. The results at first suggested that the scarlatina 
streptococci might be classified in certain serological groups, but later obser- 
vations showed that there is no line of demarcation serologically between e 
scarlatina strains and other hajmol5rtic streptococci. The serology of ^ ^ 
hxmolytic streptococci has already been discussed and it has foun 
that strains from different types of lesion may belong to the same serologi • 
type. It has also been shown that hsemolytic streptococci from cases 
erysipelas, infected wounds, and normal throats, may produce toxin sim 


to that obtained from known scarlet fever strains. . . 

Practically all scarlatina streptococci can be assigned by x 

reactions to Lancefield’s A group, though occasional!}' strains 
other groups are found in the disease. By a^Iutination , 

are distributed among the various types defined by ^ ’ 

however, that a majority (over 60 per cent.) fall info four serologica 
Nos 1. 2, 3, and 4. Though these four types are frequenfi}’^ par* 

among scarlatina strains they do not invariably predominate an i p 
ticular outbreaks a majority of the strains may belong to other typ 
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An obstacle to the experimental study of the etiology of the disease has 
been the fact that laboratory animals are generally insusceptible to the toxin. 
The only certain entenon, therefore, of the identity of a scarlatina-producing 
streptococcus depends on whether culture-filtrates in suitable dilution yield 
a positive Dick reaction in known susceptibles (e g. early scarlet fever cases) 
and negative reactions in known negative reactors (e.g convalescents) The 
neutralisation by an antitoxic serum {vide infra) of the reacting property of 
the filtrate constitutes a confirmatory test 

Though animals are usually insusceptible to the tovin even to large doses, jt has 
been stated that young goats Rive a cutaneous reaction analogous to the Dick reaction 
(Kirkbnde and Wheeler) and the same has been noted among chinchilla rabbits {Fraser 
and Plummer] Trask has also found that some rabbits exhibit susceptibility to the 
scarlatinal toxin, w hich is neiitralisable by the specific antitoxin, and that susceptibility 
tends to increase with the age of the animal 

The logical outcome of research work on scarlet fever has been (1) the 
active immunisation with toxin for the prophylaxis of the disease, as in active 
immunisation against diphtheria {q v ), and (2) the treatment of the disease 
by passive immunisation with antitoxic sera. By immunisation of horses 
with the toxin, a neutralising antiserum can be obtained, and such sera are 
utilised successfully m treatment 

The Dick reaction has confirmed that the age of maximum susceptibility 
to scarlet fever is between six months and five years About 80 per cent of 
persons over twenty years of age are immune This has been attributed to 
infection or submfection m early life and the associated immunisation, but 
physiological maturity must also be a factor 

While the diffusible pnnciple of the scarlatina streptococci, which is often 
spoken of as ‘erythrotoxm’. has been commonly regarded as analogous to 
other bacterial exotoxins, it has been suggested that the scarlet fever rash 
may be a phenomenon of supersensitiveness to the proteins of the strepto- 
coccus, and that the Dick reaction is an index of such sensitiveness (vide 


reaction Tins reaction, however, is not strictly analogous to the Dick 
reaction in the human subject (Macfcie and McLachlan). 

It h.is been shown that culture-filtrates as ordinarily used contain two 
reacting substances a true exotoxin which is labile at 80® C. and is neutral- 
ised by scarlatinal antitoxin . and a niiclco-protein which is stable up to 
100° C , though partially inactivate<l after half an hour at this temperature 
(Ando, Kuraiichi and Nisliimura) The usual Dick reaction is stated to be due 
to the presence of both substances, the reaction to the protein being allergic 
in nature The latter may .also be of the nature of an endotoxin It lias been 
customary m carr)ing out the control test for the Dick reaction to use a 
preparation heated to 100° C for at least one hour m view of the difficulty of 
inactivating the material. This difficulty ina> be due to the reactii e niicleo- 
protem referred to above It has also been noted that during the course of 
the scarlatinal illness patients may dewlop a rcactnencss (on cutaneous 
testing) to the dissohed intracellular pro<lucts of h-x-molytic streptococci, 
indicating the acquisition of allergy at a time when tliej* are becoming 
immune to the streptococcal exotoxin (Gibson and McGibbon) These 
observations scr\-e to explain confusing results obtained at tunes in tlic 
application of the reaction , and a punfied exotoxin free from b.ictcrial 
protein has been advocated for the test 
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abscesses (Figs, 14, 16), In some instances colilorm bacilli have been found 
and occasionally in endocarditis follomng typhoid fever the presence of the 



Fic 1 1 Minulc focu$ of commencing suppuration 
in bram — case ol acute ulcerative endocarditis 
In the centre a small hemorrhage, to right side 
dark masses of sUphj lococci ; zone of Jeucocj tes 
at periphery. Stained by carmalutn and Gram’s 
method x50 



Fig I'i SecocKtary mfectioa of glomerulus of a kidney by 


Stained by carmalum and Gram's method. x250 

typlioid bacillus has been desenbed The meningococcus and fiie gonococcus 
have been reported in endocarditis, but such occurrences are relatively rare 
HaemophiHc bacteria related to the influenza bacillus are also sometimes 
found. Tubercle nodules in ther valves ha\^ been observed m a le« 
cases of tuberculosis, though no lilceiative condition is usually produce . 
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Occasionally ulcerative endocarditis can be produced experimentally by the simple 
procedure of injecting staphylococci or streptococci into the circulation It often follows, 
however, when the valves have been injured previously. Orth and Wyssokowitsch at a 
comparatively early date produced the condition by damaging the aortic cusps with a 
glass rod introduced through the carotid, and afterwards injecting staphylococci into 
the circulation Similar experiments have since been repeated with streptococci, 
pneumococci, and other organisms, with like result Ribbert found that if a potato 
culture of Staph aureus was emulsified in salt solution, and then injected into the circula- 
tion, some minute fragments became arrested at the attachment of the chordie tendineai 
and produced an ulcerative endocarditis 

Focal Iniection. This term is commonly applied in clinical medicine and 
surgery to chronic localised inflammatory or suppurative lesions from which 
bacteria may enter the blood stream and then localise in some other part of 
the body, or from which bactenal products are absorbed and produce lesions 
in other parts either by direct toxic action or as a result of an allergic state 
Such chronic focal infections are not uncommon m various situations, e g 
teeth, gums, tonsils, nasal sinuses, uterus, etc Streptococci are frequently 
the associated organisms and a variety of conditions of doubtful etiology has 
been attributed to this cause, e g rheumatoid arthntis, chronic rheumatism, 
cholecystitis, pancreatitis, mdo-cychtis, gastnc and duodenal ulcer The 
evidence on this question is quite inconclusive though undoubtedly systemic 
effects and remote lesions may result from such chronic septic foci 

The Source of Streptococcal Infectioi^. The mouth and throat are the 
natural habitat of certain non-haemolytic streptococci and the question arises 
whether the hemolytic streptococci can establish themselves as commensals 
m the same situation They are certainly not regular inhabitants of the 
throat, but some observers have recorded a high prevalence, even m 61 per 
cent of healthy persons They have been detected in 97 per cent of excised 
tonsils (Pilot and Davies) , and it has been suggested that the tonsillar 
crypts habitually harbour these organisms Other observers have con- 
sidered that their presence is associated with, or follows, a local pathological 
condition Remarkable fluctuations in prevalence m apparently healthy 
persons have been desenbed, f g from zero to 3G per cent in the same group 
of persons studied over a period (see Topley and Wilson), though usually 
ranging from 5 to 20 per cent A proportion of these hsemolytic strains found 
in the throats of healthy persons do not belong to Group A and their potential 
pathogenicity is doubtful However.a 7 per cent average prevalence of Group 
A streptococci has been recorded in normal adults (Hare). We have no 
definite knowledge of all the factors that determine the frequency of tliese 
organisms in the throat, though some workers have found a low prevalence 
m tropical and subtropical regions as comi>ared with temperate climates A 
seasonal fluctuation has been dcscnbeil m New York by Coburn — the 
pre\alence being lowest in late summer It would appear that on the whole 
the pre\ alence is highest in the large communities of temperate regions dunng 
the cold season when catarrh of the respiratory passages is common and when 
people tend to be most closely aggregated in insufficiently ventilated places 
Conditions of communal life in temperate climates seem most favourable 
to thevc organisms' commensal and parasitic rclationslup with the human 
l>ody. 

It has also been shown that cpidciiuologically each serological t\pc is 
mdcjiendent. A heightened prcN-alencc of an infection by h$tnolytic strepto- 
cocci may be due to the increased incidence of only one type, but often more 
than one is operative and each causes, as it were, a separate epidemic running 
an indcjicndent course. Collcctne immunity to one t)^^; docs not confer 
resistance to another and continued preii-alcnce may be the sum of infection 
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Bacteriological Examination of Inflammatory and Suppurative Conditions. 
This includes (1) microscopic examination, (2) the making of cultures and, if 
necessary, subsequent biological, chemical, and serological tests with these. 

( 1 ) The pus or other fluids should be examined microscopically, first of all 
by means of film preparations m order to determine the characters of the 
organisms present The films should be stained by Gram’s method, and 
it may be of value to use also one of the ordinary staining solutions, such 
as a watery solution of methylene blue. The former is of course essential in 
the recognition of the pyogenic com. 

(2) The cultivation and separation of the pyogenic cocci from the lesions 
are best attained by the method of successive strokes on blood agar plates. 
In this way discrete colonies are obtained and their various characters 
can be ascertained, including the microscopic appearances of the organ- 
isms m films stained by Gram's method, etc. Individual colonies can, 
if necessary, be subcultured, so that pure cultures are available for further 
study including biochemical and other special tests necessary for the complete 
identification of the particular organism and its variety, group, type, etc. 
Animal inoculation experiments may be carried out if required 

In cases of suspected scpticfcmia or pyremia blood culture is carried out. 

Reference is made in the Appendix to the methods of obtaining suitable 
specimens for bacteriological examination. The bacteriological examination 
of infected wounds in which there may be a considerable mixture of different 
organisms including anaerobes will be dealt with in Chapter XX, 
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THE- PNEUJIOCOCCUS (DIPLOCOCCUS PNEUMONJ/E) 

Inflammatory changes in the lungs are the results of different kinds of 
infection and lead to a variety of structural changes. Thus v anous forms— • 
lobar pneumonia, broncho-pneumonia, hypostatic pneumonia, and embolic 
pneumonia — are recognised. Acute lobar pneumonia, however, stands out 
in certain respects from the others and presents characters of special interest. 
Its striking clinical features and the course of the fever, especially the crisis 
at the time of recovery, have long been recognised as resembling those of 
a specific infective disease Further, its occurrence m epidemics supports 
this view. 

Our knowledge of its etiology lias been gradually evoh-cd, rather than 
established by one discovery as has been the case with other infections , and 
'***'’ *’ ‘he pneumococcus before it gained 

This was due to several circum- 
•rgamsm was found both m other 
lesions and in normal throats, and also to the difficulty e.vperienced in 
producing a typical lobar pneumonia in animals The causal relationship of 
the pneumococcus to acute lobar pneumonia was conclusively established by 
A Fraenkcl in 168C, though it had been described in this condition by earlier 
observers, notably Friedlander and Talamon Confusion, however, arose as 
the result of the former's isolation of the capsulatc bacillar}' organism now 
knowm as the pneumobactllus The position \vas finally clarified by Fraenkcl 
and b} Weichselbaum, and (he two organisms were clearly differentiated 
It was also shown that the pneumobacillus is only infrequently present in the 
disease The general result of all later observations on pneumonia has 
proved that the pneumococcus is the organism causally related to the vast 
majority of cases of acute lobar pneumonia 

Microscopic Characters As ^cen in pneumonic sputum or evudate, 
the pneumococcus occurs m the form of an oval coccus, about I /t m its longest 
diamefeo arranged generally m pairs (diplococci), but also in chains of four 
to ten (Fig. Iff). The free ends arc often pointed like a lancet while the 
proximal poles arc rounded, hence an earlier name ‘ Dtphcoccus lanceolalns ' 
The long axes of the t«o tocci are in line These cocci, m their typical form, 
have round them a continuous capsule, which in films stained by ordmarv 
methods usually ap}>ears as an unstained /one, but is sometimes coloured more 
dccpl} than the ground of the prcjaration The capsule is rather broader 
than the body of the coccus, and has a sharplj defined external margin 
(Fig 16) . It may be diflerentiaUy stained by special methods (v:Je .\ppendix') 
(Fig. 17) and is also revealed by negative or relief staining (Fig 18) In 
sputum preparations the capsule of the pneumococcus may not be so easilv 


the tissues and in culture , the coca in this form tend to be more spheroidal 
than other tyjK-s The capsule of the pneumococcus is demonstrable in 
rcccnth isolated ruUures in a medium ennehed with blood or scrum {tiJr 
Ml fra), but mav ap{>car to bea(>sent in ordinal-}- media . and after continuous 
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a scraping taken from the area of acute congestion or commencing red 
hepatisation. Cultures made from pneumonic sputum usually 5 deld a mixed 
growth wuth varying numbers of the pneumococcus present. 

The pneumococcus is an aerobe and facultative anaerobe, and its optimum 
temperature is about S?'’ C. , growth does not occur as a rule below 22° C. 
Strains in which the virulence has disappeared often grow well at 20° C. 
Growth is in general improved by an increase of carbon dioxide in the 
atmosphere. Strains of the pneumococcus have been described which in 
primary culture are obligate anaerobes or micro-aerophilic It grows on 
ordinary media, provided these contain a meat infusion prepared from 
fresh muscle tissue (commercial meat extracts are not a suitable substi- 
tute), peptone, sugar (in small amount), and mineral salts, and are-subjected 
to the minimum heating to dissolve the constituents and stenlise the 

‘ ^ " ) Wright 

glucose, 
i peptone 

affords a suitable supply of thermostable nitrogenous substances, while yeast 
extract, blood, meat extract, and serum contain the thermolabile constit- 
uents which are essential for growth Heating of organic fluids used for 


pointed out that one of the difficulties m producing a satisfactory medium is 
due to the incomplete reduction of the peptone, but that this is overcome by 
adding the peptone to the other constituents of the broth before heat is 
applied, thus exposing it to the reducing action of the mmccd meat during 
subsequent heating The pH should be from 7-8 to S-O. In making sub- 
cultures a relatively large inoculum should be used While cultures can 
be obtained in this way on ordinary media, growth is definitely enhanced on 
serum or blood agar, or on boiled-blood agar. 

The colonies on ordinary agar are small (1 mm. diameter) and very 
transparent, but under a low power of the microscope appear to have a 
compact finely granular centre and a pale transparent periphery The appear- 
ances are similar to those of a culture of streptococcus, but the growth is 
sliglitly less vigorous ; also the colonies are more transparent, watery, and 
flatter ’ J*nen»:ccoccHS wmcosiis ’ (vide supra) produces relatively large 
colonies of mucoid consistence 

Growing on blood agar the colonies arc somewhat larger than on ordinary 
agar and the organism produces a greenish coloration of the medium, attri- 
buted to meth-cmoglobin formation There is also partial hremolysis. After 
about forty-eight hours the colonies often present a charactenstic morphol- 
ogy, having a depressed centre and raised border . after further incubation 
their apiicarance is like that of a draughtsman with a central elevation and 
concentric raised ndges alternating with depressed zones from the centre to 
the periphery Under anaerobic conditions complete haimolysis may occur 
round the colonies without green coloration The h.-emolysm of the pneumo- 
coccus has been studied by Cow'an w'ho found that it appears in young cultures 


coccus jiroduces liydrogcn peroxide, w'hilst there is only slight formation of 
catalase . the peroxide formed, not being destroyed by catalase, is a factor 
in inhibiting growth and m the sclf-killmg of cultures (vide infra) The 
organism is active in producing either oxidation or reduction, according to 



182 


THE PNEUMOCOCCUS 

the tension of free oxygen present (Avery and NciU). The same processes 
occur in filtrates and lysates of cultures. Tlius h.-cmoglobin is converted to 
metli.-cmoglobin in the presence of oxygen, but at a low ox 5 'gcn tension a 
reversal of this process takes place. In 6ro//i. growth forms at first a uniform 
turbidity but tends to settle at the bottom of the vessel as a granular deposit. 

It is of interest that unhcatccl tissues from certain plants when added to culture 
medium may accelerate pro« th. turnip, carrot, potato, etc- These may possibly act 
by neutralising? the inhibitory effect of perovide by virtue of their oMdising-rcducing 
action (Avery and ^forgan) 

Co/ofty vananls. As in other bacterial species, variation associated mth 
changes in colony characters, etc. is noted in cultures and especially when the 
organism is placed under unfavourable conditions. Thus a culture with the' 
t 3 ’pical ‘ smooth ‘ tj’pc of colony may undergo alteration to a ‘ rough ' form, 
the colonics becoming thicker, heaped up, more opaque, more coherent, and 
with a granular surface. This change is associated with variation in other 
features which will be dealt with later. 

Bioc iiCMiCAL CifARACTKKS. Tlie pnciimococcus ferments glucose, lactose, 
saccharose, and usually ra/Tmose , fermentative action on iniilin is important, 
as failure of an organism to ferment this carbohj’dratc renders it most un- 
likclj that It is a pneumococcus. Apparently some samples of inulin arc Jess 
suitable for this reaction than others. Usually the test is carried out with 
Hiss's inulin scrum water medium, in which coagulation of the scrum results, 
but some investigators have found inulin broth more satisfactorj', acid pro- 
duction being estimated by titration against sodium hydroxide uith a phenol- 
phthalein indicator. (S. viruiaus also frequently ferments inulin.) 

\'irulent pneumococci are soluble in bile. To demonstrate this, fresh ox 
bile autoclaved for twenty minutes at 120® C. and filtered, is added to a 
well-grown fluid culture (which must be one in simple broth) in the propor- 
tion of about a fifth of the cuUtirc, .Two per cent, sodium taurocJioIate may 
be similarly used, but such solutions may be somcwliat variable in their 
effect It IS supposed tliat hilc acts by hastening the natural autol^'sis 
of the organisms. The reaction should be carried ’out at pH H 
should be noted that ' rough ' variants of the pneumococcus may sometimes 
be bile-insoliible 

Slair (1917) recommendpU as an improvement in the test the use of a iO per cent, 
solution of sodium desoxycholatc, alkaline to phcnol-phthaleio Of the soIutionO i c.c . 
IS added to5c c of a scrum broth culture of the orgamsm , clearing of the mixture occurs 
in ten to fifteen minutes If the culture is acid, precipitation of the bile acids may occur, 
but this disappears on the .addition of a drop or two of normal caustic soda. 

Viability Cultivation may be maintained for long periods if fresh sub- 
cultures are made ever)’ tw o or three daj’S. but individual cultures die rapid) . 
They sometimes rapidly lose their rirulence, so that four or five 
isolation from tlie body their pathogenic action disappears , but is 
is not alwa)’s the case, especially if blood or serum media be used for 
taming subcultures, or if subcultures are made at very short intervab 
pneumococcus is comparatively sensitive to external agencies. The fbew 
death-point is about 52° C. In culture it soon dies w'hen dried. ^ 
present m dry sputum or blood, however, it is more resistant and may re a 
its vitality for a considerable time. A convenient method to i . 

organism is to dry thoroughly the spleen of a mouse dead of 
septicosmia In the dned tissue tlie organism not only remains am e, . 
retain its virulence. The most satisfactory method of maintaining 
cultures is by rapid drying from the frozen state. 
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.lutolysis. The pneumococcus readily undergoes spontaneous disintegra- 
tion under certain conditions. Thus autolysis occurs m broth uithin the pH 
range 5-0 to 7-0. but is prevented when the acidity is greater than 5. The 
addition of fresh serum prevents l 3 ^ts. When autolysates of cultures are 
added to suspensions of the pneumococcus in phosphate solutions of appro- 
priate pH which have been heated at eo** C. for thirty minutes, lysis of the 
dead organisms is produced. The autolysis is associated wth proteolytic 
and lipolytic action. Whether the self-killing is due to peroxide {vide sitprn) 
or to autolytic enzymes is open to question , but it is noteworthy that broth 
cultures of the pneumococcus die rapidly when in small bulk, eg 1 c c.. 



Fin la Stroke cul- 
ture of pneumococ- 
cus on blood anar. 
T« entj-four hours' 
KTOuth at 37* C 
Natural sue 



Fic !.■'> Pneumococcus from a pure 
culture on blood a^ar of hventy-four 
hours' growth, some in pairs, some 
in short chains Stained with dilute 
catbol-fucbsin y 1,000 


whereas they survive for several days in larger bulk, eg 5 c c in the same size 
of tube anaerobic conditions apparently favour survival, aerobic conditions 
promote autolysis. 

Relations to Streptococci. The facts that in cultures the pneumo- 
coccus often grows in chains, and that streptococci are potentially capsulatc. 
have raised the qiu ' 

In identifying the 
ters must be taken 

tation of inulin, and behaviour with pneumococcus type sera arc important 
It may be stated, however, as bearing on the close relationships of the 
pneumococcus and streptococci, that Rosenow believes he has succeeded in 
transforming streptococci into capsulatc organisms having all the biological 
features of the pneumococcus Morgenroth and his co-workers, by treating 
pneumococci in various ways by optoquine, claim to have succeeded in effect- 
ing transformation into S vtndans and less frcqucntlj’ into a h.-cmolytic 
streptococcus , a res crsion was also met with, but only rarely These results 
are of interest, but further in\estigation of the subject is rctjmrcd 

It IS noteworthy that coccal types arc met with which show chtr.icters intirmeiliatc 
between the true strcptiKocci and the pneumococcus, e g Aronson’s streptococcus {iiJe 
p 15S) Attention m.iy also be drawn here to a group of cocci ongin.-vlly descnlied by 
bchottmullcr, isolated from vanous diseased conditions in man (pneumonia, otitis, 
meningitis, suppurations) . the'C organisms possess voluminous capsules apparently 
consisting of a siscous matcnal ishtcb Rises a shmy consistence to cultures ami also to 
p.ilhological exudstes. They -arc related to the pneumococcus on the one h.snd and to 
the streptococci on the other The work of the Kockefellcr Institute fnsestigitors (in// 
in/ra) suggests th.it these organisms ought to lie classified into two groups (I) The 
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species, as Gamaleia showed, vanes to a considerable extent. The rabbit, 
and especially the mouse, are ver>’.susceptible ; the guinea-pig, the rat, the 
dog, and the sheep occupy an intermediate position , the pigeon is immune. 
In the more susceptible animals the general type of the disease produced is 
not pneumonia, but a septicamta. TTius, if a rabbit or a mouse be injected 
subcutaneously with pnfeumonic sputum, death occurs in from twenty-four 
to forty-eight hours. There is little inflammatory reaction at the point 
of inoculation, but the blood contains capsulate pneumococci in large 
numbers (Fig 23) 

When relatively non-virulent cultures are used, local inflammatory 
changes are set up in susceptible animals instead of septicjemia, and corre- 
sponding results are said to follow when \'irulent cultures are injected into 
such animals partiallv immunised So also in the more resistant animals, 
such as the sheep and the dog, the 
lesions produced are of mflammatorj 
type, and when the injections are made 
into the lungs pneumonia may be set up 
Lamar and Meltzer by intra-broncliial 
insufflation of cultures of pneumococci 
in the dog, succeeded in producing 
typical lobar pneumonia ; although, m 
the cases where recovery followed, the 
general course of the infection did not 
fully correspofidwth that in the human 
subject. Comparatively large amounts 
of culture were used. More conclusive 
experiments on the subject, however, 
are those of Blake and Cecil who, by 
intratracheal injection m monkejs of 
virulent pneumococci in minute doses, 
were able regularly to set up a lobar 
pneumonia which ran a course like 
that of the human disease, recomy 
taking place by crisis On the other hand, the introduction in larger 
amounts of similar pneumococci into the throat or nose of these animals 
w’as not followed by pneumonia, even though the organisms persisted for a 
considerable time This is of importance in connection with the natural 
occurrence of pneumonia, as it jxiinis to some additional factor being neces- 
sary for its origin, cspecullv m view of the fact that monkevs are apparently 
more susceptible than the human subject Blake and Cecil met w^th spon- 
taneous pneumonia in monke>’s kept in confinement, and tlie disease, winch 
had the same features as that c.xpenmentally produced, readily passed from 
animal to animal They came to the conclusion that w hen vinilcnt pneumo- 
cocci arc introduced into the trachea they probably Jienetrate the wail of a 
large bronchus near the root of the lung, and thence sjiread by the interstitial 
tissue outwards from the hilum . a general inflammation of the substance of 
the lung i3 thus produced They were unable to set up lobar pneumonia in 
monkeys by subcutaneous or bv intravenous injection , on the other [land, 
second.iry invasion of the blood stream bv the pneumococci occurred in tlic 
experimentally produced lobar pneumonia, the ntiml>cr of organisms increas- 
ing in cases which terminated fatally McLeod and Gordon have failed to 
rcprcKliicc Blake and Cecil’s results, althoiigh a fat.al general infection occurred 
Various workers haxc pointed out that in lobar pneumonia spread of tJie 
infection m the lung takes place from one ahtolus to another, the organisms 
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being carried by the oedema fluid at the penphery of the advancing inflamma- 
tory lesion (Loeschcke ; Gunn and Nungester ; and others) ; and, from the 
results of experiments on monkeys, LoosH assumed that spread occurred via 
the bronchioles by aspiration in the act of breathing. Nungester and his 
associates hav'e shown that in rats inoculated with pneumococci along \vith 
mucin by the nasal or tracheal route pneumonia only'occurred in the presence 
of an additional factor, such as forced inspiration or alcoholic intoxication — 
the latter interfering with the physiological mechanism which prevents 
aspiration of fluid material into the lung. Such results throw further light on 
the etiology of the human disease. 

Certain otiier experimental observations are noteworthy. Gaskel!, ad- 
ministering adjusted doses by the intratracheal method, found that the 
forms of pneumonia thus produced in the rabbit varied according to the 
virulence With a certajn strain a lobular pneumonia might result, while 
with one of higher virulence there was lobar consolidation. Goodner has 
found in rabbits that after the dermal inoculation of virulent organisms a 
characteristic inflammatory skin lesion develops and this may resolve by 
' crisis though it may be succeeded by a fatal septicamia. 

The experiments of Webster and Clow' are of special interest in relation 
to the pathogenicity of the pneumococcus and the epidemiology of infection 
by this organism. They found that the pneumococcus freshly isolated from 
the human subject and instilled m small doses into the nose of mice brought 
about a characteristic infection which spread to healthy contacts, producing 
in them either the carrier state or a fatal infection. The difference in patho- 
genic effects among individual animals ranged from the refractory state or a 
local cervical lymphadenitis to fatal lobular or lobar pneumonia 
without pleurisy, empyema, pericarditis, or septicasmia. Considerable differ- 
ences were also noted among strains as regards their virulence on intranasai 


instillation ^ « j-* 

The Occurrence o! the Pneumococcus in Pneumonia and other ConoitiOM. 
The pneumococcus occurs in every variety of the disease—in acute lo ar 
pneumonia, in broncho-pneumonia, and in septic pneumonia. In a case o 
lobar pneumonia the pneumococcus is found all through the affected area in 
the lung, especially in the exudate in the air cells. It also is present m t e 
pleural e.xudate, and in the lymphatics of the lung. The greatest 
are found in the parts where the inflammatory process is most recent. ^ 
the inflammation is resolving, some of the organisms often stain ba v w s- 
tend to lose the Gram-positive reaction) ; such individuals are pro ) 
either dead or degenerate. Sometimes there occur in pneumonic ^ 

tion areas of suppurative softening, which may spread dinusely. 
areas the pneumococcus occurs mth or without ordinary pyogenic ’ 

streptococci being the commonest concomitants. In other cases, esp 
when the condition is secondary to influenza, gangrene may 
lead to destruction of large portions of the lung In these ^ Vxtf.ns 5 on 
bacteria, both aerobes and anaerobes, are to be found. n,e„ts 

lo neighbouring parts, empyema, pencarditis, and Neither 

in the mediastinum and neck may take place ; the organism maj 
alone or ivith pyogenic cocci. In over three and 

pneumonia Heffron recorded the relative incidence of P" ™ ..i j-s 

other organisms as follows . pneumococcus, 96-1 per cent ; strep . 

per cent , pncumobacillus. 0 B per cent. . influenza bacillus, P<- 


per cent , pneumobacillus, 0 6 per cent. . 
staphylococci, 

A factwhi- 
being the cau 


ineumococcus 

and others of 
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this organism in the saliva of healthy persons. It can certainly bo isolated by 
inoculation of susceptible animals, from the mouths of a considerable propor- 
tion of normal persons, from their nasal cavities, etc., being probablj’ in any 
particular individual more numerous at some times than at others (especially, 
it is stated, during the winter months). It was reported, however, by Rocke- 
feller Institute workers {vide tnfra) that the pneumococcus occurring in the 
healthy naso-pharynx is usually of Group IV, i e the least pathogenic to 
man. The more pathogenic types are found almost exclusively m the mouths 
of convalescents and of contacts and in rooms where pneumonia cases have 
been ’ ’ • •• . Jescents 

and certain 

pers< . iding to 

infection are still imperfectly understood, but the importance of predisposing 
causes must be recognised in the etiology of the disease. Such factors as 
cold, alcoholic excess, abnormal conditions of the respiratory tract — a slight 
bronchitis, etc. — may play an important part in the causation of pneumonia 
by lowering natural resistance to pneumococcal infection or by interfering 
\\ ith the normal physiological mechanisms which protect the pulmonar}- tissue 
from invasion by bactena from the upper respiratory passages. 

In a considerable proportion of cases of lobar pneumonia, the pneumo- 
coccus can be cultivated from the blood. This usually represents a bacten* 
remia rather than a true septicremia and is due to a secondary c.xtension of 
organisms from the lung, and vanes in degree in different cases. Generally 
the tendency to pronounced bactcriaemia is correlated wth the age of the 
patient, being much greater over forty years of age than in younger persons 
V^hen bacteriremia is marked the disease is liable to have a severe course , 
thus the presence of over one hundred pneumococci per c.c. indicates a grave 
prognosis even m cases treated mth chemotherapeutic drugs It is interest- 
ing to note that in the lobar pneumonia experimentally produced by Blake 
and Cecil in monkeys, a progressive increase in number of pneumococci in 
the blood was accompanied by a progressive diminution in the number of 
leucocytes and led to a fatal result The presence of the pneumococcus in the 
blood explains the occurrence of such inflammatory complications as menin- 
gitis, suppurations in connective tissue, joints, etc However, a primary 
meningitis, apart from pneumonia, may be produced by the pneumococcus 
{vide tnfra). Ulcerative endocarditis may also develop, sometimes after the 
occurrence of a distinct crisis, and in this connection we may refer to the 
interesting observation made by Mair (1923), namely, that m rabbits 
partially immunised by dead cultures intravenous injection of virulent 
pneumococci is followed by endocarditis in a large proportion of cases 
The organisms obtained from the vegetations w-erc found to have lost their 
virulence. 

Other forms of pneumonia and other primary pneumococcal infections 
Tlic so<alled ' simple ' or non-suppurativc form of broncho-pneumonia 
common in children shows certain points of difference from the lobar form 
It represents a pneumonia starting as multiple foci, usually in both lungs, 
and is the result of spread of inflammatory cliange from the terminal bronchi- 
oles along the air p-assages to the alveoli, although extension through the walls 
of the bronchioles also takes place There is an absence of the rapid general 
invohement of the interstitial tissue of the lung seen in lobar pneumonia, 
and an important point is that it is characterised by the absence of crisis 
In broncho-pncumonia in children the pneumococcus is again an important 
causal agent and can be found m many cases. Other organisms of the 
pyogenic group may occur along with it or sometimes alone B. influenza 
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is also frequently found. In the adult the proportion of cases caused b}* 
organisms other than the pneumococcus is somewhat greater. In the broncho- 
pneumonia secondary to diphtheria the pneumococcus may be accompanied 
by the diphtheria bacillus and also by pyogenic cocci. In typhoid pneumonia 
the typhoid bacillus may be alone present or may be associated with the 
pneumococcus. In septic pneumonia the pyogenic cocci in many cases are 
the only organisms discoverable, but the pneumococcus also may be present. 
In influenza there is a lowering of the resistance of the bronchial mucosa and 
a great variety of organisms, including B. infiuemcB, pneumococci, strepto- 
cocci, staphylococci, Dipiococciis caiarrhalis, etc., are able to extend to the 
lower bronchial passages. The bacterial flora present in the broncho- 
pneumonic lesions therefore varies considerably, but the pneumococcus and 
influenza bacillus are predominant and are often present together. In very 
severe influenza, such as occurred in the 1918 epidemic, in addition to 
broncho-pneumonia, lobar pneumonia due to the pneumococcus occurred, 
and sometimes even a true septicajmia due to this organism — an indication 
of remarkably lowered resistance. We may note that empyema due to the 
pneumococcus is more frequent in children than in adults, being a not 
uncommon sequel of broncho-pneumonia 

It IS difficult to explain why sometimes the pneumococcus is associated 
with a spreading inflammation as in lobar pneumonia, while at other times 
it IS chiefly localised in the patches of broncho-pneumonia. It is quite likely 
that m the former condition the organism is possessed of a different order of 
virulence, and probably the susceptibility of the Jung tissue varies at different 
periods of life — the resulting lesion, of course, depends on both of^ these 
factors. • There is, however, a closely analogous fact in the case of erysipelas, 
this being a spreading lesion produced by a streptococcus, which when Jess 
virulent causes only local inflammatory and suppurative conditions.^ As 
already mentioned, the occurrence of a crisis in lobar pneumonia, indicating a 
rapidly developed immunity, is a characteristic feature, and the association 
of this disease with a rapid growth of the organisms throughout 
work of the Jung has undoubtedly an important significance, vyJien the 
organisms are mainly present irithin the air vesicles and bronclnoles, as m 
broncho-pneumonia, this rapid immunity reaction is not met 

In children the pneumococcus may extend along the^ Eustachian 
and give rise to otitis media, t' ’ ' '•* r ..u-- , 

thence it may spread to the 


be noted that next to the lu 

attack by the pneumococcus, usually secondary to a form 
otitis media, but sometimes as a primary occurrence. Other 
pneumococcal lesions (apart from pneumonia), such as arthntis, peri on , 
etc , are also met with Primary pneumococcal peritonitis, which irequ y 
affects young female subjects, is often due in such cases to 
the peritoneum from the vagina (McCartney). Not infrequent y 
due to the pneumococcus, as are also infiammator)’ and suppura . 
in the maxillary antrum and frontal sinus. Conjunctivitis is so 
caused by the pneumococcus, as is also corneal ulcer. an 

Immunity to Pneumococcal Infection. Lobar pneumonia ^^P . . „ 

inflammatory lesion accompanied by the symptoms of an acut p • 

In very few cases does death take place from the functions of ° 
interfered with to such an extent as to cause asphyxia. On ^he 
in fatal cases there may be profound toxic effects on Nie hear 
system. These considerations, along 'vith the fact tiiat the org 
greatest numbers in the lung, indicate the toxic mechanism wiu 
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during the disease. But active immunity developed in the course of the 
infection or as a result of artificial immunisation is not a function of specific 
antitoxins ; it is antibactenal, and is due to the development of powers to 
resist the invading organisms. Also, acquired immunity is type-specific, * e. 
resistance is acquired only for the serological type {vide tnjra) which consti- 
tutes the immunising stimulus. 

Animals can be immunised against the pneumococcus by inoculation 
with virulent cultures killed by heating at 55® C , with autolysed cultures or 
with cultures which have become attenuated m various ways Sometimes 
one or two injections, at intervals of several days, are sufficient for immunisa- 
tion, but the immunity has been obser\’ed to be usually of a fleeting character 
and may not last more than a few weeks The serum of such immunised 
animals, when added to the organisms, neutralises the pathogenic action of 
the pneumococcus in susceptible animals , it protects also agamst subsequent 
inoculation with a certain dose of the pneumococcus, and if injected within 
twenty-four hours after inoculation, may even prevent death 

Pneumococcal infection is, hmvever, one of the conditions to which a 
more effective immunity is developed by inoculating with living than with 
dead organisms. Neufeld and Rimpau insisted that the ultimate use of 
living virulent cultures was necessary for the attainment of a high degree of 
immunity. Blake and Cecil in their work on e.vperimental pneumonia in 
monkeys likewise found that small doses of livjng virulent pneumococcus or 
larger doses of the same organism in an attenuated state protected agamst 
intratracheal injection of the virulent pneumococcus, while vaccines consist- 
ing of dead organisms failed to do so. The latter, however, modified the 
secondary invasion of the blood when pneumonia developed, and also afforded 
protection against experimental pneumococcal septicaemia There was thus 
a humoral immunity without protection against intratracheal infection 
They pointed out, however, that these results did not mean that dead vaccines 
might not protect the human subject against pneumonia under natural 
conditions, in view of the fact that the monkey is more susceptible than man. 
Moreover, W’e have evidence that dead culture vaccines do afford a degree of 
protection The use of the living virulent organism is, of course, difficult 
to control, and is impracticable as a preventive measure against natural 
pneumonia in the human subject 

The protective potency of an anti-pneumococcal serum as measured by 
the number of fatal doses of virulent pneumococci against which a given 
amount of scrum will protect an animal (eg a mouse), may reach a high 


large number of organisms may occur Armstrong has studied quanti- 
tatively the development of pneumococcal antibodies and has found, for 


geonjetncal progression. The increase then becomes less rapid, the maxi- 
mum concentration occurring about the eightli day He finds furtlier that in 
a case of lobar pneumonia running an ordinary favourable course, similar 
phenomena are met with A rapid outpounng of antibodies occurs alwiii the 
fifth day, and the content in the serum increases till about the time of the 
crisis, after which it remains high for some time We thus have the picture 
of a rapid development of active immunity, which on reaching .a certain point 
results in a rapid destruction of the organisms. 
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An nnti-pneumococcal serum exhibits various antibody reactions, 
including agglutination and predpitation. There is no evidence, hou-ever*, 
that an antiserum, in virtue of its antibodies, possesses bactericidal action. 
The organism is sensitive, however, to opsonic action, and thus an antiserum 
may exert its beneficial action by means of its opsonins. Observations have 
been carried out on the opsonic properties of the scrum in cases of pneumonia, 
and it has been found tliat towards the time of crisis in fav’ourable cases the 
opsonic index nses distinctly, and after defervescence gradually returns to 
normal. Blake and Cecil in their work on experimental pneumonia in 
monkeys did not consider it possible to explain the immunity by the anti* 
bodies demonstrable in the scrum, and considered that some other factor 
such as changes locally in the tissues, might be concerned in the immunity 
reaction and the destruction of the organisms. Sia, Robertson and Woo 
have shown that the immunity ac<]mrcd during the illness is associated with 
an increased power of the scrum to promote the killing of the pneumococcus 
by a rabbit serum-leucocytc mixture. At the crisis they found this property 
markedly developed, and absent in fatal cases These results tend to empha- 
sise the importance of opsonic antibodies in immunity to the pneumococcus 
According to H. D. Wriglit's obscr\*ations (1927) on immunised rabbits, the 
property possessed by the whole blood of delajing growth of virulent pneumo- 
cocci iM Vitro, IS the manifestation of antibody actisdty which appears earliest 
and lasts longest 

The leucocytosis in pneumonia has long been recognised, and when 
present in distinct degree indicates that a satisfactory cellular response is 
taking place. It, liowcver, scarcely indicates more than this, and certainly 
docs not promise recovery, as death may occur in a variety of ways. On the 
other hand, the absence of leucocytosis, or its disappearance cifter being 
present, IS undoubtedly of unfavourable omen. 

It may be noted here in conclusion, that in man immunity against 
pneumonia may be short-hved, as in many cases of pneumonia a history’ of a 
previous attack is elicited. It is, of course, possible that a second attack may 
be due to a type of pneumococcus differing immunologically ffom^ fhat of 
the first infection (rirfe tu/ra). If this were so, any immunity persisting from 
the earlier disease would not be protccth’c, as the immunity mechanism is 


specific for each type of the organism , , 

Differentiation of Types of the Pneumococcus by Antisera- This has 
been one of the important consequences of the study of immunity agains 
the pneumococcus It had been long recognised that strains of the pneumo- 
coccus denved from different sources present individual ^ 

was not till the exhaustive investigation of the subject in the ^ 

Institute, New York, that definite results were obtained. In the study o 
agglutinating and protective properties of antisera prepared by mocu a i g 
animals against a long scries of cultures isolated from cases of 
pneumonia, it was proved that sera deriv’ed from certain strains, on e 
hand, would almost indiscriminately agglutinate some of these • 

on the other, had httle or no effect on other strains. It u'as further tou 
the agglutinating and protective qualities of these sera were 
this way it was possible to subdivide the strains into four typ^ formed 
them (I, II, III) were serologically well defined, and a fourth (I ' which 
of strains in which an antiserum usually agglutinated only the s . 
originated it, and had little or no capacity of agglutinating tne 
Types I, II, or III. The members of Type III were f V- 

developing agglufinating sera specific for the type, 
sented cultural features which diaracter^ed them as the r 



THE PNEUMOCOCCUS 191 

vtiicosiis Types I and II together accounted for 60 per cent of the cases 
of pneumonia studied and uere of relatively high virulence for man, this 
being specially the case with Tj’pe II Type HI. while accounting for 
only 12 per cent, of cases, was of hipest virulence, the mortality with it 
being 45 per cent. Type IV (more appropriately designated Group IV) was 
found in 24 per cent of cases and caused the lowest mortality (16 per cent.) , 
the strains occurring in the mouths of healthy individuals were found to 
belong mainly to this group However, in different parts of the world differ- 
ent t j pes prevail. Thus, m South Africa, Lister found that, while the New 
York Types I and II were common, nearly a third of all cases of pneumonia 
were associated with another type which apparently did not occur to any 
extent in New York. Among a rariety of pneumococcal infections (studied 
in Edinburgh in 1924-25) Type I predominated and W’as present in 64 per 
cent, of all cases, while Type II was relatively infrequent (7 per cent ). 
Type III and Group IV represented respectively 15 per cent and 14 per cent, 
of the infections It is interesting to note that the type-incidence may varv 
at different times in the same area thus in Edinburgh during 1929-30 
Type II was the most prevalent variety, causing 40 per cent of cases of lobar 
pneumonia, while Type I occurred in 29 per cent. The death-rate in T^^pcs I 
and 11 cases respectively was 23 and 31 per cent (Alston and Stewart) 
Types I and II are apparently more invasive than Type III or Group I\’ 
(H Cruickshank), as illustrated by the prevalence of 1 and II in primary 
meningitis, peritonitis, and empyema, and the frequency of the others in 
otitis media, secondary meningitis, and conjunctivitis. As a result of an 
e.xtensive inquiry into the relative prevalence in lobar pneumonia of Types I, 
II, III, and Group IV m various parts of the world, Heffron reported the 
follomngpercentages* Type 1, 32*3, Type II, 20 0, Type II J, 20 8, Group IV, 
3D'8. Little significant difference was noted between relative prevalence in 
North America and Europe, but as mentioned above, the distribution of 
types IS somewhat different in Afnca, Types I and II being less frequent and 
Group IV more common Group IV is largely responsible for primary 
broncho-pneumom.i, the infection being an endogenous one (R Cruickshank). 
lilacklock and Guthrie m a study of lobar and broncho-pneumoma among 
infants and children found that 90'7 percent of pneumococcus strains from 
tliesc conditions belonged to Croup IV 

The constituent serological types of Group H' were later classified by 
Cooper and her co-workers in America Twenty-nine tv'pes were identified 
(designated IV to NXXII), and only a small proportion of strains remained 
unclassified. Certain types were found to be more prevalent than others in 
lobar pneumonia of adults The majority of the tjpes were also recognised 
in normal persons and in other infections of the respiratory tract 


01 even iii , me iii.tjoui> iiiuiviuij.uiv u »«.i> i\i» 

2 per cent ) The following summar> (quoted from White) states the general 
jxisition, the types being given in order of frequency 

I.olar pnetiviofiia ' 

Infants and children . XIV. I, VI, V, \TI 

.-\duits I, II, III. vm. vn. V. 


liroiiclih-pneuiitonta 

Infants and Children . . VI. XIX, Will 

.\duits III. vm. Win. X, V, vii 
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In Edinburgh (1938-44) among the types of Group IV none has been 
found to approach in prex’alence Types 1, 11, or even HI, and it could not be 
said that particular types of Group IV showed special prevalence though 
Type Vni was the most frequent, with Type VI second in order. Among a 
small group of cases of broncho-pneumonia in young subjects Types XIX 
and VI were the commonest ; this corresponds with American findings 
As regards Types III and VlJl, Anderson has found that in the West'^of 
Scotland these were present in the sputum of over 40 per cent, of persons in 
whom the only respiratory abnormalitj' was a slight bronchitis. In this 
area the invasive types, in addition to I and 11. were V and VII. 

Recently our knowledge of the serological classification of pneumococcus 
strains has been considerably extended. As pointed out by Kauffmann and 
others cross-reactions may be observed in serological typing and exact deter- 
mination of a type may only be possible by means of sera absorbed with cross- 
reacting strains On this basis new types have been identified additional to 
those designated by Cooper and her associates. Walter and others described 
seventeen new* types by means of reciprocal antibody-absorption tests , these 
were first numbered m sequence with Cooper’s types but later were correlated 
with new types reported by Kauffmann. Still later Eddy proposed that all 
new types should be designated separately in numerical sequence, irrespec- 
tive of their relationships, and described in all sev’enty-five types under 
Arabic figures in place of the original Roman numerals. She also showed 
that most pneumococcus types give some reaction with one or more hetero- 
logous sera and that individual types behave so specifically in these cross- 
reactions that two types which may appear to be identical when tested with 
one serum can be separately identified by their heterologous reactions 
Eddy has suggested a system of grouping of pneumococcus types/for the 
preparation of polyvalent therapeutic and diagnostic sera. Fourteen groups 
are recommended on the basis of the antigenic relationships of the constituent 
types Mbrch at Copenhagen has also made \’aluable contributions to the 
serological classification of the pneumococci. 

T HE Specific Substances of the Different Types of Pneumococcus. 
In 1917 Dochez and Avery noted in the blood and urine of cases of lobar 
pneumonia a substance which gave a precipitation reaction wth an antiserum 
for the type of pneumococcus causing the infection. It could be detected j 
mixing equal quantities of clear centrifuged urine and an appropriate anti- 
serum The appearance of this substance in the urine depends on e 
severity of the case, and a progressive increase in amount is significant tro 
a prognostic standpoint. It was observed also in young cultures, and 
ently diffuses readily from the organisms into the surrounding tne i • 
Heidelberger and Avery isolated this specific substance from ^yP® 
coccus. They used a method of fractional precipitation by alcohol, , 
and ammonium sulphate, and dialysis. It appeared to be a poljsacc ’ 
j’lelding 79 per cent of reduang sugars on hydrolysis, and 6^''® ^ ^ 

reactions Though it did not act as an antigen i« vtvo, it was able 
m a specific manner i>i vtiro with a homologous anti-pneumococcal ser • 
its immunological relations it belongs to the group of has 

Steiner) An immunologically and chemically identical po^y^^^ nneumo- 
been demonstrated m yeast and in one serological iy^ Iff and 

bacillus. Similar polj’saccharides were later obtained from . .pg 

Type I pneumococci, but all proved to be chemically differen • 

each reacting specifically with the corresponding antiserum. . . , 
reactions elicited with these bodies occurred sometimes in very n g 
The Type I substance was found to contain 


Id sometimes in vcij - , j 

in nitrogen as part of its molecule. 
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These specific substances have been extensively studied by various workers 
from the chemical and immunological standpoints, and the facts show that 
their formation is intimately related to the capsulation and the virulence of 
the organisms ^ Strains which have undergone ‘ rough ' vanation and lost 
virulence, also show a loss of t^lelr capacity to form their specific carbohydrate. 
Associated with these changes there is an absence of type-specific characters 
and capsule formation. These carbohydrate substances also produce cutan- 
eous reactions in specifically immunised animals or persons (Francis) In 
addition to this type-specific polj’sacchande ‘ hapten ', the pneumococcus 
also contains a protein antigen which is not type-specific but common to all 
types ; thus, avirulent ‘ rough ' variants lacku^ the type-specific ‘ hapten ' 
contain this protein antigen A species- or group-speafic polysaccharide has 
also been isolated 

It has been shown by Sia that the specific substance added to a serum- 
leucocyte mixture annuls the bactericidal effect of the latter This effect has 
also been found to be specific , thus, the soluble carbohydrate of Type I 
pneumococcus interferes specifically with the bactericidal action of whole 
blood towards this type This property may be an important factor m 
pneumococcal infection , and the specific polysaccharide of the organism pos- 
sesses ' aggressin ‘ functions It is not toxic per se. The specific effect on the 
bactencidal power of whole blood may be due to its union with and fixation 
of opsonic substances The transformation of one type of pneumococcus to 
another type by inoculating a ‘ rough ’ derivative of the former along %vith a 
dead culture of the latter type has been recorded by Griffith and others Thus 
an ' R ' variant may acquire the power to form a polysacchande specifically 
different from that possessed by the original strain According to observa- 
tions of Alloway, an R variant derived from a type-specific S form may be 
changed i« vitro by growth in broth containing anti-R serum along ivith a 
heated filtered extract of an S-form pneumococcus of different type, and thus 

becomes a • * ' ' i . • 

which the e 
of type apf 

It IS chemically quite distinct from the capsular carbohydrate which is 
developed under its influence (Avery, MacLeod and McCarty) These results 
are of great biological interest 

In addition to the type-specific polysacchandes referred to above, various 
other non-protein substances have been separated which may enter into the 
antigenic composition of the pneumococcus 

Avery and Dubos have discovered an enzjTne extracted from a sapro- 
phytic bacterium which is capable of liydrol>’sing the capsular carbohydrate 
of the pneumococcus Type III pneumococcus acted on by this enzjTne is 
rendered avirulent and the enzyme has been found to exert a protective 
action in fu’o m mice against infection by this organism 

It js of interest that Type XIV pneumococcus and the erythrocjtes of the human 
blooiJ croup A -how an antigenic stmilanty dependent apparently on similar carbo- 
hydrate haptens, thus human erythrocytes may be agglutinated by a Typo XI\' 
antiserum fWeil and Sherman , Decson and Goebel) 

Methods op classifmnc r.vECMococa nv Sfrolocical Reactions Tkeongtaal 
nuthod for xiient\f)\ng Types I, //, and III. and Group IV was briefly as follows 
Specific agglutinating antisera for the three types respectively (f. II, HI) were used A 
white mouse was inoculated intrapentoncally- with 0 S to 1 c c of a saline emulsion of 
a bcan-sized piece of sputum, preferably quite fresh, freed from surface contamination 
by washing m sterile saline N\hcn the mouse died in from five to twenty -four hours, if 
the peritoneal exudate contained a strong and fairly pure growth of the pneumococcus 
the alxiominal ca\ ity was washed out with See saline, cultures being at the same time 
made in broth and on blood agar plates The peritoneal washings were first centnfuged 

13 
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In Edinburgh (1938-44) among the types of Group IV none has been 
found to approach in prevalence Types I, II, or even III, and it could not be 
said that particular types of Group I\' showed special prevalence though 
Type VIII was the most frequent, with Type VI second in order. Among a 
small group of cases of broncho-pneumonia in young subjects Types XfX 
and VI were the commonest ; tlris corresponds with American findings. 
As regards Types HI and VIII, Anderson has found that in the West’of 
Scotland these were present in the sputum of over 40 per cent of persons in 
whom the only respiratory abnormality was a slight bronchitis. In this 
area the invasive types, in addition to 1 and II, were V and Vll, 

Kccontly our knowledge of the serological classification of pneumococcus 
strains has been considerably extended. As pointed out by Kauffmann and 
others cross-reactions may be observed in serological tj-ping and exact deter- 
mination of a tj’pe may only be possible by means of sera absorbed uithcross- 
reactmg strains On this basis new types have been identified additional to 
those designated by Cooper and her associates. Walter and others described 
seventeen new types by means of reciprocal antibody-absorption tests ; these 

■ ’ ’* with Cooper's types but later were correlated 

luffmann. Still later Eddy proposed that all 
1 separately in numerical sequence, irrespec- 
ot ttieir relationships, and described in all seventy-five types under 
bic figures in place of the original Koman numerals. She also showed 
most pneumococcus tj'pcs give some reaction with one or more hetero- 
is sera and that individual types behave so specifically in the!»e cross- 
'\pns that two t 3 ‘pes wfiich may appear to be identical when tested with 
irum can be separately identified by their heterologous reactions 
‘‘ IS suggested a system of grouping of pneumococcus types/for the 
■ton of polyvalent therapeutic and diagnostic sera. Fourteen groups 
amended on the basis of the antigenic relationships of the constituent 
""dreh at Copenhagen has also made valuable contributions to the 
\classification of the pneumococci. 

:ciFic Substances of tue Different Types of Pneu.mococcus. 
'o^.hez and Averv noted m the blood and urine of cases of lobar 
. 1 ' i” a substance whicli gave a precipitation reaction %vith an autvseci^ 

• the type of pneumococcus causing the infection. It could be delectea by 
mixing equal quantities of clear ceotnfuged urine and an appropriate anti- 
serum The appearance of this substance in the urine depends ou t e 
seventy of the case, and a progressive increase in amount is significant rom 
a prognostic standpoint 1 1 was obscri'ed also in young cultures, and appar 
ently diffuses readily from the organisms into the surrounding me lum. 
Heidclberger and Avery isolated this specific substance fcornType ll pneum^ 
coccus They used a method of fractional precipitation by alcohol, acemu 
and ammonium sulphate, and dialysis. It appeared to be a po • 

yielding 79 per cent of reducing sugars on hydrolysis, and ^ 

reactions Though it did not act as an antigen i« vivo, it was a e 
in a specific manner tii vUro with a homologous anti-pneumococcai serun • 
its immunological relations it belongs to the group of hap ® , 

Steiner). An immunologicaliy and chemically identical 
been demonstrated in yeast and in one serological type o frr and 

bacillus. Similar polysaccliarrdes «ere 

Type I pneumococci, but al! proved to be chemtrall} nrecipitiu 

each reacting specifically inth the 

reactions elicited with these bodies occurred sometimes i j 
T he Type I substance was found to contain nitrogen as p 
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In the therapeutic application of the serum in a case of Type I pneumonia large and 
repeated doses had to be used, and it was therefore a necessary preliminary to determine 
whether the patient exhibited supeisensitiveness to horse serum, and to desensitise him 
if this existed [mdi p 136) Very soon after commencement of treatment the tempera- 
tureo/ten rose, but in many cases thiSHasqnicklysucceeded by a fall, with improvement 
m the patient's general condition, stoppage of extension of the lung lesion, and preven- 
tion of invasion of the blood by the pneumococci The effects of the treatment proved 
satisfactory — of 107 cases treated in the Rockefeller Institute Hospital up to October 
1917 only 7 5 per cent died, as compared with a mortality of 25 to 30 per cent in cases 


water or weakly acid buffer solutions This enabled an effective dose to be given intra- 
venously in relatively small bulk and with less frequent and marked reactions due to the 
protein injected (Park, Bullowa and Rosenbluth) The concentrated serum had five 
to ten times the potency of the unrefined serum Subsequently Felton (1031) introduced 
an improved method of concentrating the serum, alcohol being used in this case as the 
precipitant , and this method was generally adopted Repeated doses of 10,000 to 
40,000 Felton units (vide tafra) were administered The results indicated a pronounced 
efficacy of the serum in Type I infections . and successful results were also obtained ivith 
mono-specific sera in pneumonia due to Types II. V, VII, VIII, and XIV It must be 
emphasised that an important factor m determining the value of serum treatment is the 
stage of the infectioh at which it is commenced , early administration is essential. 

It has also been reported that unconcentrated antisera produced by 
immunUation of rabbits may be supenor to sera obtained from the horse 
Such rabbit sera seem to be quantitatively as active as a concentrated horse 
antiserum It has further been pointed out that the antibody molecule from 
the rabbit is smaller than that from the horse and thus penetrates more 
readily into infected tissue Clinical evndence apparently supported these 
claims regarding the therapeutic value of rabbit antisera (see Horsfall et al , 
Goodner el al , 1936) 

Since the introduction of chemotherapy of pneumococcal disease by siil- 
phonamidcs or penicillin, serum therapy has been little used, though it has 
been suggested that a combination of chemotherapy and serum therapy 
may in some cases give better results than one of these forms of treatment 
by itself 

S/iiitilariiisalioit of Anti-pneumococcal Serum In general the basis of 
tandardisation has been the protective value of the serum against virulent 
ncumococci injected into mice, the quantitative tests being made by mixing 
arjnng dilutions of a pneumococcus culture with a given quantit> of serum, 
varying quantities of serum with a given number of pneumococci Tlie 
ttcr IS the system adopted by Felton whose unit of potency is the amount of 
urn which protects a mouse against a million fatal doses of pneumococcus 
turc The titration of a new scrum is carried out by comparison with a 
idard senim 

!> PnopiiYLACTic Vaccination In the South African mines a sjwcia! 

^ itioii exi-'tcd in consequence of the great susccptibihtv to pneumonia 

d rnng in the native labourers, who were chicflv recruited from sub- 

je ical regions. As the c.isc incidence was from 30 to 150 per thousand jicr 
m, and the inortalitj from 10 to 30 jier thousand, the disease became a 
serious jiroblcm Almroth Wnght introduced proplijlactic vaccination, 
aster, founding on Ins investigations (rirfc supra), prepared a vaccine 
'ning the three prevalent types of the pneumococcus 1 hrec injections 
cn-day intervals of, in all* 7,000 million cocti, killed by an antiseptic, 
idininistcrcd A vcr> marked diminution in tlic incidence of the 
■ followed Cecil and Austin m the Unitcri States recorded tlie results 

mating about 10 i>cr cent of 32.000 men in a camp with a mt.xturc of 
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Types I. II. and III, two to four doses being given. In the subsequent period 
of ten weeks no cases of pneumonia jJue to these types developed among those 
vaccinated, while among the unva(^nafed there were twenty-six cases. 

It has been shown recently that immunity in man can be produced by 
subcutaneous injection of a single dose of the capsular polysaccharide : thus 
MacLeod and his co-workers have found that immunisation with 0-03 to 
0-06 mgm. of each of the polysaccharides of types I, II, V, and VII is effective 
m preventing pneumonia caused by these, types, the immunity being, of 
course, type-specific. Protection develops within two weeks and lasts for 
at least six months. 

Bacteriological Diagnosis. In stained films of sputum, pus, or other 
e.xudate containing pneumococci, the outstanding feature is the predomin- 
ance of diplococcal forms, the elements of which may have a lanceolate shape 
and ivhich are Gram-positive. The capsule may often be observed as an 
unstained 2 one round the dipJococci ; and this is confirmed by relief staining 
A special capsule stain may of course be used, but is not generallj' required 
for routine purposes. Cultures on blood agar (preferably heated blood agar) 
should be made and dfter twenty-four hours at 37® C. will, if the pneumo- 
coccus be present, show characteristic colonies. Bne-s 9 lubility and the 
reaction with inulin should be tested with pure growths obtained from single 
colonies A mouse may be inoculated intraperitorically to test the patho- 
genicity and to afford m blood films corroborative evidence of capsulation. 
The serological type of the pneumococcus can also be determined by the 
methods described above. After treatment m'th penicillin or sulphonamide 
drugs it may not be possible to demonstrate the pneumococcus, eg. in the 
cerebro-spmal fluid in cases of meningitis, either by microscopic examination 
or culture. _ _ - 

Blood culture should be carried out in cases of pneumonia to ascertain 
whether a general infection is present , and the result, as has been explained, 
may be of prognostic value. Further information is obtained by repeated 
blood culture : for this purpose a fixed quantity, e.g. 1 c c., or preferably 
varying quantities are added to melted agar, and the number of colonies is 
counted after incubation. In this way a progressively increasing blood 
infection can be recognised When a case has been under sulphonamide 
therapy I per cent, ^-ammobenzoic acid shou/d' be incorporated in the 
medium (vi^e Appendix). 

Particularly in early cases ol pneumonia sputum may not be obtainable for bacteri^ 
logical examination and for the typine of the organism By puncture of the ^ 
lobe in a majority of such cases ma 
of the organism present (Stewnrl) 

length attached to a 20 cc. Records! - . .... 

^ ^ t TV\<?tertf>riv Hi 


few drops of blood-stained fluid are aspirated. The fluid is mixed wiiu ■ 

part of which is incubated, while part can be utilised for inoculation of a mouse 
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THE MENINGOCOCCUS AND GONOCOCCUS AND ALLIED 
ORGANISMS (NEISSERI;E) 

MENINGOCOCCUS {NEISSERIA INTRACELLULARIS) 

Since the beginning of the nineteenth century the occurrence of epidemics 
of cerebro-spinal meningitis has been recognised As the result of observa- 
tions on this disease in different parts of the world, it has been established 
that the causal agent is the organism first described by Weichsclbaum and 
named Diplococctts iniracelUtlarts memngihdis but now usually spoken of as 
the meningococcus. Cases occur chiefly from infancy to young adult age, 
while the sporadic form of posterior basal meningitis among >oung children 
is also due to this organism. Epidemics are met with in military barracks 
and camps among young soldiers There mav be an associated scpticaimia 
A septica-mia without meningeal infection 
may also be due to the meningococcus 
and this condition may pursue a subacute 

or chronic course as well as occiimng in a ^ >• 

fulminating fo;rm In the last condition, * 

bilateral adrenal hiEmorrh.'ige is often a '‘'Ai ^ 

feature ' 

Microscopic Characters The men- » **v’^?^* ^ I 

ingococcus is an oval coccus measuring ^ 

about 0*H to 1 /« in diameter, it usually 
occurs in pairs, the adjacent surfaces being 
somcuhat flattened, or even slightly con- 
cave Sometimes tetrads are ob^er^cd 
and the cocci may occur aNo in larger 
aggregates lu many cases the organisms 

are clnefls contained within jiol) niorpho- ihc mcnmcococci wiihm icucoc>t« 
nuclCsir Icucocvtes in the CMUlatC, eg in Sum«l lj\ Grann nirUKJil anti dilute 
^ J ST- Mfltol.fwhsin - l.mw 

the ccrchro-spmal flmd (I'lg. Ji), some- 

time«, how ever, the majority may be l>ang free, and thi'> is csjiccialh the case 
in virulent infections The meningococcus stains readily with b.isic aniline 
dyes, but IS Gram-negatue It mat be noted that the cocci frcqucntlv show 
mctaihromatic granules demonstrable by staining with LoUlcr’s metlnlcnc 
blue sind also bv Ncisscr's method as applied to the .diphtheria bacillus 
Capsules have been noted in some strains Hoth m apjxiarancc and m its 
staining reactions it is closely .similar to the gonococcus In artificial cultures 
the tvpical shajx; and arrangement may be absent . and enlarged iiuolution 
forms are seen, especially in older growths, which may stain ditjily or faintly 
CuLTL RAL Cn AKACTI ws. The organism can readily lie cultnated .lerobi- 
calh outside the body , anaerobic conditions arc unf.i\ourahle . additional 
carlxin dioMdc jiromutcs growtii But in primary cultures and when recently 
isolated It iNualh fails to grow on ordinary meat infusion Ix^[)tone agar unless 
there is .m admixture of scrum, ascitic fluid or blood f/resh or Jjc.itcfl) 
However, agar me<lium jirejiared with meat digest (provided it h.as not Ixvn 
dejinxed of growth factors bv filtration) supports growth, Iwilwl blood 
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digest agar is recommended for obtaining profuse cultures. The opti- 
mum reaction is pH 7-0 to 7-4. Growth takes place best at the tempera- 
ture of the body, and practically ceases at 25° C. The colonies are circular 

disks with a slightly opaque 
centre fading into a delicate 
transparent margin (Fig. 25). 
and e.xhibit a smooth, shining 
surface ; they have a slightly 
mucoid consistence and readily 
emulsify in water or normal 
saline. When e.-camined under 
a low magnification the centre 
appears somewhat yellou'ish.and 
the margins usually are smooth 
and quite regular; at_a later 
period of growth slight crenation 
may appear, especially when the 
medium is somewhat dry. The 
colonies may be of considerable 
size, attaining a diameter of 2 to 
3 mm. on the second day. After 
adaptation to artificial cultivation, growth may be obtained without serom 
in the medium On horse blood agar hemolysis is observed. \'ariation5 
in appearance arc met with, eg tlie development of R (rough) and other 
forms . a minute rough form and a large mucoid variant have been described. 
In serum broth the organism produces a general turbidity with formation of 
some deposit after a day or two; but 

growth m fluid media is not abundant. if* 

In pnmary cultivations, especially when ,, .*'•*' « 

the organisms are scanty, growths may •, * 

be best obtained by incubating several \ ^ ** • .<v 

cc of the cerebro-spinal fluid uith an ' • .. .x" : *. 

equal volume of glucose broth 

In the prep.iratinn of a medium suitable 
for culture purposes most attention has been 
directed to the readiness with which growth 
tal»es place and to the abundance of the 
gronth, but, as pointed out by Murray and 
Ayrton, retention of the virulence of the 
organism should also be a entenpn of suit- 
ability They have found that retention of 
virulence depends upon substances con- 
tributed by the digest used as a basis, and 
they have also made the interesting observa- 
tion that the addition of an extract of poly- 
morphonuclear leucocj-tes »m nlra raises 

thevirulence (For the formula? of their media according to 

their ongmal papers must be consulted ) It has been shown also . gm-^g^siou. 
the medium used, the virulence may be lowered and raised several tim ^ 

Biochemical Reactio.ns. The meningococcus ferments 
maltose with acid production, properties tvhich distinguish i j or 
coccus catarrhahs {vide ttifra) ; and it has no action on lacto^, pgj.- 

inulin Strains have been obsert'ed which do not ferment m j^gdia 

mentation tests can be carried out by means of either nm o 
containing serum and 1 per cent, of the sugar to be tes . 
neutral-red or litmus as an indicator. 


I •**, , «■ « - .• . > 

A ' .* V * • ,. * 

' • * /. ** 


21. Pure culture of 

minfi by^Gram's 



b 


Fro 2‘> a Tuo-days' colonjesof ihemeningococcus, 
xO, b the same, in which ilIuminaHon h.is been 
arranged to show finely granular centre and trans- 
p.ircnt marpn Compare with Fig. 30 

(From photographs by the late l*rof \V It M 
Martin ) 
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Viability The life of the organism in cultures is a comparatively short 
one , after a few days cultures will often be found to be dead, but by making 
subcultures every three or /our days strains can be maintained alive for 
considerable periods Cultures survive longer at 37® C than at room tem- 
perature. On egg medium, howes’er, the organism survives for a considerable 
time. It is readily killed by heat at 55® C., and is also verj’ sensitive to 
weak antiseptics , drying for a few hours has been found to be lethal to it 
Cultures can be preserved in the viable state for long periods when rajudly 
dried in vacuo The facts established accordingly show the meningococcus 
to be a somewhat delicate parasite 

Reference has been made to the enlarged involution forms observed in 
cultures after a few days' incubation . and these are also seen to undergo 
subsequent disintegration This is due to an autolytic enzyme as onginally 
shown by Elexner, who found that it also has the property of Ivsing other 
bacteria 

Distribution in the Disease and Pathogenic Effects. The organism oemrs 
in the exudate in the meninges and in the cerebro-sptnal fluid, and it can 
usually be demonstrated in the fluid obtained by lumbar puncture In acute 
cases, especially in the earlier stages, it is usually abundant , but m the 
later stages ot cases of more subacute character, its detection may be a matter 
of difficulty, and only a few coca may be found after a prolonged microscopic 
search But it should be recognised that at any stage microscopic e\amma- 
tion and even cultivation may sometimes give a negatue result In most 
cases the lesions are practically restricted to the nervous system, but occasion- 
ally complications occur, and in these the organism may be present It has 
been found, for example, in arthritis, pericarditis, pneumonic patches in the 
lung, and in other inflammatory conditions associated with the disease, and 
also m purpuric patches in the skin and stomach It may be obtained Irom 
the blood during life. A blood infection may also occur without obvious 
tncntngca! lesions and such cases may run a chronic course 

Experimental inoculation shows that the ordinary laborators animals are 
relatively insusceptible to this organism An inflammatory condition mas 
be produced m mice and guinea-pigs by mtrapcntoneal injection, and a 
fatal result may follow The results vary according to the vinilence, but 
often the organism docs not undergo vcr>' active multiplication, though 
It maj’ sometimes be cultivated from the blood , none of the lesions in 
the ncrs'oiis system is reproduced Similar results .ire produced by 
dead cultures, and occ.isionally the lethal dose of the dead org.inisins inav 
equal that of the living (Gordon) There is thus evulcnie that an aiti\c 
toMii play*' an imjKirtant part in the pathology of the di-ic.ase riexner .ind 
al'O Stuart McDonald ha\c shown that cercbro-spinal meningitis m.i\ be 
proihiccd in monkeys b\ injections of the oiganism into the sjnnal can.il the 
latter obserser finding that c\ud.itc lontauiing mcningoroici was more cffec- 
ti\c tlian cultures In such exjicnmcnts tfic oigaiiisms cMeml uji\\.irils to 
the brain, and produce meningitis uithin .i \crv short time I he resulting 
ICMoiis, Ixjth as regards ihcir distribution ,uid gcncr.d ch.ir.utcrs, .mil also as 
regards the histological changes, resemble ihe disca'-e in ihe human suhici t 
l'\cti these aiuiiwU, hnucser, are manifcstU less snsicptihle than the human 
subject Meningitis has liecn priKlmctl in ratdnls b\ mlr.uistcrnal in]e< tion 
<if virulent memngor»)ici . a simil-ir cffoit resulted from the intPHluction tif 
filtered susjHuisioiis. and c\cn Imilcil mltiire jinnluied histologir.d < hanges 
in the meninges sunil.ar to those in an inferti\e nicmngitis (Hr.inham 
and Lillie) Mali hndings ma\ lie regarded as m.inilest.itunis of the to\i< 
.action of the org.inisms It is notcwortlij tliat when chicktn cmlrios are 
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inoculated svitii a buitable strain of meningococcus the organism localises 
specifically in the meninges and causes an acute meningitis similar to that 
found in man (Buddingli and l*oIk). 

The interesting observation has been made by Miller that even a minute 
dose of meningococcus culture if suspended in a solution of gastric mucin can 
produce a rapidly fatal infection on intrajwn’foneal injection in mice. More- 
over, the animals slioiv a pronounced general infection, the organisms being 
demonstrable in the circulating blooil An cgg-yolk emulsion has apparently 
a similar effect to that of mucin (Sacharoiv). 

Toxic Products. The claim lias licen matic that the meningococcus pro- 
duces an exotovin (Ferry, Norton .and Steele). It has been stated that when 
groum in flasks in a suitable broth (pll C C) n- pellicle forms and within a 
few days a soluble to.xin can l>c demonstrated, winch in high dilutions pro- 
duces skin reactions in animals and which incites antitoxin formation 


Ferrv iins used tins antitoxin in therajieiitic tests in infected monkeys and 
states that it is clTectivc in prcvcnliug a fata! result. According to Malcolm 
and White it is jiossiblc to extract a highly toxic substance from cultures but 
they rcg.iril it as an endotoxin Other workers have also found that an anti- 
serum max' neutralise certain toxic preparations obtained from the meningo- 
coccus The high toxicity of the organKm is undoubted and there is some 
evidciKO that tlie toxin is anlitoxinogenic hut only ucakh’ so, as compared 
with the antitoxinogenic power of the true exotovins, It must be concluded 
that the toxn products ol the organism arc of the nature of endotoxin, though 
those may be rapidh liberated from the bacterial cell wlicn death with auto- 
It sis takes place 

Mode of Infection. The meningococcus can. usually be found in the naso- 
pharjnx of patients suffering from tlic disc.asc, and there is no doubt that 
this IS the usual suo of invaMon. infection being conveyed hj’ secretion 


droplets from the nioutli, throat, and nose. In cases where recover}' occurs, 
the tirganism m.i\ jicrsist (here for a varying jicriod of time — usually only 
for a week or two. but sometimes for months There is difference of opinion 
as to the nmto bt which the organism ixis^c-s from the naso-pharynx to the 
meninges One view is that it passes dircctl)’ b}- the lymjfliatics to the base 
of the br.un, but satis/actorv evidence of this is wanting. The other view is 
that it reaches the meninges by the blood stream ; this is in accordance wJtn 
what occurs in other infections, and is supported by the fact that 
verj' acute c-ases with puqmric eruption, it has been found in tJie bl^ 
before meningeal symptoms have appeared. It also occurs occasionail} m 
scpticamiic cases without meningitis- For a considerable time it has een 
known that contacts of cases of ccrcbro-spinal fever often harbour the men- 
ingococcus m the naso-ph.irjTix. that is, are ‘ carriers and during the war o 
191 4--ia this subject was extensively investigated The proportion oJ 
among contacts varies, 20 jwr cent or higher. Non-contacts have 
examined during epidemics, .ind among them also a considerable proper , 
tJiough not so great as among contacts, have been found to e ' 

Among troojjs during the war of I9J4-IS the normal earner rate wa 
2 to 4 per cent. In a report by the Ministry of Health (1930) ''’as clearl} 

show'n that a certain proportion of tnemngococca) earners ma*; e 
the normal population in tlie scries of observations dealt with. - P 
of the persons examined were carrying the orpnism. ^pj. j-ate 

that just pnor to an epidemic of cerebro-spinal ^ 


niai just prior to an epidemic oi 'Uf fhp-.rtive disease 

increased and after it reached 20 per cent, or over, cases of the ^rrier 
appeared. It was also observed that in overcrowded 
rate was high, whereas the spacing out of the beds effected a 
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in the percentage of carriers Thus overcrowding is one of the most active 
factors m promoting the spread of the disease and it has been generally 
accepted that the occurrence of an epidemic is conditioned by the prevalence 
of carriers Dudley and Brennan have shown, however, that a high earner 
rate is not necessarily accompanied by cases of meningitis , they have re- 
corded in one instance a earner rate of 50 per cent extending over a period 
of a year without associated meningitis In some earners the meningococcus 
occurs sparsely among other organisms, but in others m fairly large propor- 
tion, and occasionally in almost pure culture In the great majority of 
carriers the organism can be found for only a comparatively short time — a 
few days even, or a week or two — ^but in a small proportion it persists for 
months, these being ' chronic ‘ earners Unfortunately, we have at present 
no ready means of estimating the relative virulence of meningococcus strains 
obtained from the naso-pharynx and from elsewhere \\hth regard to the 
epidemiology certain facts are outstanding Direct infection (ivith resulting 
meningitis) of a healthy individual from a patient suffering from the disease 
IS comparatively uncomrnon, though it sometimes occurs , and it is rare for 
a known earner to develop the disease On the other hand, there is sub- 
stantial evidence of persons being infected from earners The facts men- 
tioned would indicate that the organism is spread widely from individual to 
individual, m most cases without obvious effects, but that when tlie organism 
reaches a susceptible individual the disease may rapidly develop , in this 
connection the high susceptibility of young children must be remembered 
No doubt the number of the organisms m the naso-pharynx of the earner 
IS a factor of importance It has been stated by some observers that the 
presence of the meningococcus leads to. or is associated with, naso-pharyngea! 
catarrh, and that this often precedes meningeal infection In fact, the 
primary lesion may be a naso-pharyngitis On the other hand, the organism 
maj abound in the naso-pharynx without the presence of catarrh or ant 
abnormality Manifestly tlie act of coughing will aid in its diffusion when 
It IS present 

Apart from the epidemic form of the disease, cases of a sporadic nature 
also occur, in which the lesions arc of the same nature, and in which 
the meningococcus is present The facts stated would indicate that 
the origin and spread of the disease in the epidemic form depend on 
certain unknown conditions which produce an increased virulence of the 
organism 

Identificatian o! the Memngococcus and Serological Types. In cases of 
meningitis tins usually presents no diRicultv. as the finding of a Gram- 
negatue diplococciis in the cercbro-spinal fluid is practicallv conclusive 
When the organism occurs m the naso-phara’n\. however, the matter is 
fliute different Means must be taken to distinguish it from other Grani- 
negativc diploctx:ci winch occur in this situation Originally, the following 
points taken together were iisualU acccpteil as jiistifuag a diagnosis : cen- 
/orttnlx III the niirrov'-o/'ic characters and tn the appearance of the cohunes u-tih 
those of the inentnf^ncoccus. ready emtilstfication tn saltne, absence of f^roulh at 
rontn leinpcratitre. ferinentatton of (glucose and maltose, and non-fermentatwn of 
saccharose Attempts lij\e lK*cn made to ldentif\ the mcningocoiciis b\ 
means of agglutination reactions Doptcr was the lirst to show that strains 
obtained from the naso-phar> nx, in other rcsjiccts conforming to the meningo- 
ciKcus might not be agglutinated b\ the scrum of an animal immiiniscd 
.igainst a known strain of this organism , he applied the term ' p,namenine,o- 
coccus' tosiKii strains. Gordon found that ascniiii prepared 1)\ injecting an\ 
one strain did not agglutin.ite all the strains i-ol.ited from tlie ccrebro-spinal 
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fluid and naso-pharynx Proceeding further, he arrived finally at the recogni- 
tion ol four ‘ types ’ according to agglutinating tests, cross-agglutina- 

tion between them being little marked (see Gordon and Murray). Types I 
and il were the commonest, the latter being rather the more frequent. All 
the strains separated from cases of meningitis were found to be agglutinated 
by one of the four sera. Gordon’s results were criticised bv Griffith and hv 
Fildcs, ■ ’ • • 

by one 
coccus 

Fildes jiattu uiai wmie me nioDU tends to produce a monospecific serum 
on being inoculated with a strain of meningococcus, the horse when similarly 
inoculated ma}’ produce a serum which is less specific. It appears hardly 
justifiable, therefore, to conclude that an organism may not be the meningo- 
coccus merely because it is not agglutinated by certain sera, provided that it 
conforms in other respects. 

Griffith classified meningococci serologically' on a different basis from 
that of Gordon He divided them into two groups (I and 11) by direct 
agglutination tests Group I embraced Gordon’s Ty'pes I and III, and Group 
II included Types II and IV According to Griffith, Group I is more complex 
in antigenic structure than Group 11. He found also that strains isolated 
from the pharynx could be similarly classified, but only a minority belonged 
to Group L and suggested a relationship between virulence and antigenic 
complexity. Other workers have concluded that increase of virulence is 
associated with greater complexity m antigcmc constitution. Single colonies 
Irom a particular strain may vary in antigenic structure as sho^vn by 
Maegraith who points out that Types I and 111 are not fi.xed and that there is 
an overlap between them. Branham in the United States, who also found 
that Types I and III arc difficult to separate, originally noted overlapping 
between II and IV, though in later years these types became more distinct 
.Segal has reported the occurrence of a ‘ Type V ’ meningococcus Rough 
variants are non-specific in their antigenic characters Antisera protect 
mice against a fatal infection with meningococci of homologous types 

In summary it may be said that the meningococcus exhibits considerable 
antigenic i-ariation For practical purposes of diagnosis it may be divided 
into tw'o groups (comprising four types), of which Group I is more commonly 
pathogenic , but meningococci of other antigenic constitution may be capable 
of pathogenic action in man. 

Chemical studies of the anitgemc comtiiiwils of these organisms 
have indicated the presence ol three components, one a carbohydrate 
IS common to the group, another a protein which is highly toxic, and a t ir . 
a type-specific substance, which in Types I and III is of carbohydrate na are, 
but in Type II is associated wth protein (see Rake and Scherp, 

Rake) Strains which have been repeatedly subcultured on artificia me 
tend to lose their type-specific characters. . . . , 

.•\n interesting method of eliciting precipitation reactions \\i 
meningococcus has. been devised by Petne. who grows the organism on 
medium in which an antiserum is incorporated The occurrence o a * 
round the colony denotes the production of precipitate, constituen s 
organism having diffused from the growth into the surrounding m 
and reacted with the homologous antibody. 


Preparation of agglutinating »era The foHoning method 

rabbit receive}, on one day three intravenous injections of .•>'>0 w afterwards 

lied at sri'' C . with an interval of an hour iwtween the mjectioas ,s> a htre 

receives a single dose of 3,(KK) nnHions Eight days later the serum 
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of over 1 • 800 Young rabbits of about a kilogram in weight give the best results For 
testing, four dilutions are used, namely 1 50. 1 100. 1 200, 1 400 Emulsions of 
known type organisms are tested as controls at the same time After the mixtures are 
made they are placed at 55’ C for twenty-four hours, and the results are then read 

Prectpitin reaction ttitk the cerebrospinal fluid tn cases of inemnfitis Rake has 

' • ' ■ ' •• • ! of 

I ■ ■ ■ ept 

• ■ ' • . ’ _ ■ . one 

hour and thereafter in the ice-chest oi’ermght In the majority of' cases of meningo- 
coccus infection a ring of opacity develops in the tube containing the corresponding 
antiserum 

" ' ' ' ' • • . . ■ • ds the 

life is 
when 
it has 

. • . , . blood 

about the same time, and though they are not always proportional in amount to the 
agglutinins, the two classes of substances have more or less the Same significance, and 
may occasionally be of use in diagnosis when lumbar puncture fails to give positive 
results Although their presence in large amount may be said to indicate a marked 
reaction, they do not supply information of much value in relation to prognosis Im- 
mune bodies, as shown by bactericidal and complement fixation tests may also be 
developed in considerable amount in the course of the disease On the other hand, 
carriers appear not to develop antibodies m their serum 

Therapeutic Antisera. Before the introduction of the sulphonamides 
which have proved highly successful in the treatment of meningococcal 
meningitis, serum therapy was mainly relied on as a standard method of 
treatment Early results offered great promise of the efficacy of this form of 
therapy, but later findings have not confirmed the original successes The 
discrepancy between earlier and later results has not been explained The 
type of serum which was most extensively used was that originally prepared 
by Flcxner and J obhng The serum w as obtained from the horse by repeated 
injections of dead cultures in increasing doses, followed by culture autolysate 
and living cultures, these two latter being best administered by the subcutan- 
eous route Several strains of the meningococcus were mixed together for 
purposes of injection, and the immunisation was continued over a period of 
several months For treatment, anti-mcmngococcal serum was injected under 
the spinal dura, 30 c c being generally used as the dose for an adult, this 
being repeated on subsequent days, or even twee daily Some of the spinal 
fluid 'Nas removed, and then the serum was injected, undue pressure being 
avoided Intravenous injections were combined wth the intrathecal ad- 
ministration This serum was used on aTarge scale in various parts of the 
world, and there was originally general agreement as to its favourable effects 
— thus It was claimed that the mortality of the disease, generally 70 to HD j>or 
cent , was redured to about SO per cent or even less, and the tondenev to 
the occurrence of chronic lesions was alsomarkcdlv diminished Later results, 
however, especially in the treatment of sporadic cases of meningococcal 
meningitis in children proved unsatisfactorv Tlie mode of action of such 
antisera was not fully explained Thev contained ojisonins, agglutinins, and 
antibodies winch fixed complement After the injection the numlwrs of 
COCCI were apparently reduced, prob.iblv as a result of increased phagf« \ tnsis . 
there could siarcelv be any direct bactencidal action owing to the absonie of 
(omplemcnt During the war of I9H-18 monovalent scra.tgainst c-uh of the 
four UjK-s of meningococcus and also a pohvalcnt scrum were prepared for 
imhtarv cases bv Gordon and his co-workers The standardisation of such 
antivcra jinived a matter of siimc difficiiltv . at first the hvation of comple- 
ment mctluHl was used, but later the opsonic index was regarded wnth more 
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advocated for^Ssannc^L ''''’" •■■"<)» Protection tefn„ "^ “f 
provided a reliable niea„ " 7™™' “ « doubtful ifTnv of"tr 
meningococcal sera and^n “‘-mating the tlierapeuHc n„ “ 
batches of serum nre,„„ Probability different oE- P°‘“ey of anti- 
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have I 

cocci ■ 



catarrJialis and fl 

Smrate "^eanisms m the lilSurrh ^’P'" ‘'“'S"-“-°na have been 
W he "™es are all Justifiable antlTl, ti, whether such 

van,,^ ” “‘-a'-on have been based? "-f -d-aracters on which specific or 
variation based are probably dependent on fluctuating 

^ipiOCOCCUS for rlf. ' 

rata ? ““aroing m INekseria catarrMfs). In addi- 

srnn “ “"ditions of the iilnrvn m 'a-S-- "“mbers in 

scop, C appearances are praeticinEs ■?"? "^^P-»‘<-ry P-^sagcs Its micro- 
th ? ^ found within leite “-ose of the meningococcus, and 

‘he whole tending to be rathe,“i ' “‘omes on senim agar, though on 
hose of the meningococcus hi.t -—d more opaque, closely resemble 

o readily emulsifiable Ti>^ t somewhat tough in consistence and not 
variation and S and R v'>r;o * features of colonies may show considerable 
pows aerobically on ordmo descnbed. The organism usually 

has none of the fermentaf^,!^’ serum, and at 20° C., and it 

meningococcus ^ properties described above as belonging to the 
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Diplococcus pharyngts fiavus {Netsserta fiava). Certain varieties under 
this designation have been distinguished by various miters but it cannot be 
said that a clear subdivision has been established. The microscopic char- 
acters are the same as those of D. catarrhahs. Young colonies may resemble 
those of the meningococcus but later they tend to assume a greenish-yelloM 
colour. Growths may be obtained aerobically on ordinary media without 
serum and usually also at room temperature though the optimum is 37° C. 
A type has been descnbed, however, which does not flounsh at the lower 
temperature, but it can be distinguished readily from the meningococcus 
by the fermentation of saccharose.. Strains are met with which simulate 
the meningococcus in fermentative reactions but these can be- distin- 
guished by their ability to grow’ at room temperature on ordinary media 
The criteria detailed on p. 201 serve to diflercntiate all these organisms from 
the meningococcus. 

Diplococcus pharyngis siccus {Neisserta siccn) grows at room tempera- 
ture, and its colonies are very tough and adhere to the surface of the medium , 
it can thus be distinguished readily from the meningococcus. It has marked 
fermentative properties, acting on glucose, maltose, and saccharose This 
organism is probably a ' rough ' variant of another type of commensal dtplo- 
coccus The Diplococcus »mcos«s has colonies of slimy consistence it 
grows at room temperature, and forms capsules (vide vifra) which can be 
demonstrated by the method of Hiss or by relief staining This designated 
type probably represents a variant of one of the other members of the group 
An organism called the Diplococcus crassus is also met with , it is rather 
la^cr than the meningococcus, and. espeaally in subcultures, may tend to 
assume staphylococcal forms Its Gram staining is variable, both positive 
and negative individuals being often seen m the same culture. It grows on 
ordinary media and at room temperature The colonies are very small and 
not unlike those of a streptococcus. Glucose, maltose, lactose, and saccharose 
are fermented 

Occasionally organisms referable to the group described above and clearly 
distinguishable m biological characters from the meningococcus, have been 
found m cases of meningitis Branham (1030) in a small outbreak of menin- 
gitis in America, isolated from the cerebro-spmal fluid in a proportion of cases 
an undcsenbed meningococcus-like organism (A'/wseria Jlavescens) which, 
growir ...... . . ^ 

of the 

catod t 

agglutinated by antisera to any of the four types of meningococci \n 
organism resembling Diplococcus mucosus has also been described in menin- 
gitis (sec Edwards) It ferments glucose but not maltose or saccharose 

Meningitis due to other Orgamsms. Meningitis maj be produced b\ 
almost any of the pyogenic organisms A considerable number of c.isos, 
especially m children, arc due to the pneumococcus In many instances 


infrequently m lobar pneumonia, and in some cases with cerebral symptoms 
»c have found it present where there was merely a condition of congestion. 
Occasionally epidemics of meningitis have been due to the pneumococcus, 
Sporadic cases, are also met wntb, and this organism comes next in order of 
fre«jucncy to the meningococcus as the cause of primary iiuningitis. The 
pncumobacillus also has Iicen found in a few rases Meningitis is not in- 
frcrpicntly protluced by streptococci, cs|»cc|ally when middle-e.ir dise.iso is 


/ 
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present, and less frequently by staphylococci; occasionally more than 
one organism may be concerned. In meningitis follo\v’ing influenza the influ- 
enza bacillus has been found in a few instances, but sometimes the pneumo- 
coccus IS the causal agent. Sporadic cases of meningitis occur associated 
wth organisms which resemble the influenza bacillus morphologically and 
also in presenting hiemophilic culture reactions, but which possess marked 
pathogenic properties for rabbits and guinea-pigs. Both in the cerebro-spinal 
fluid and in cultures, these bacilli frequently show a tendency to produce 
long filamentous forms and also may show a beading of the protoplasm. 
The cases from which such bacilli have .been isolated have chiefly occurred 
in children, arc extremely fatal, and may follow on an otitis media, from 
which condition similar organisms have been ■ isolated. Sometimes the 
meningitis is part of a septicsemia or py«mic process — in the latter the joints 
are often affected. The biological relationships of the organisms associated 
w'lth such conditions are dealt with in a later chapter They certainly 
tend to be more widely distributed in the body of the infected individual 
than IS the case in influenza An invasion of the meninges by the anthrax 
bacillus occurs, but is a rare condition ; it is attended by diffuse hemorrhage 
m the sub-arachnoid space In tuberculous meningitis the tubercle bacillus, 
of course, is present, especially in the nodules along the sheaths of the 
vessels 

Various other pathogenic organisms have on occasions been reported as 
producing meningitis, e.g gonococcus, B. typhosus and Salmonella organisms, 
B. abortus, Aciiuomyces , meningitis may be a feature of infection by the 
poliomyelitis virus and cases of meningitis have been described which are due 
to another filterable virus {vtde Ijunphocytic choriomeningitis). 

In conclusion, it may be stated that mixed infections may occur in menin- 
gitis Thus the pneumococcus has been found associated with the tubercle 
bacillus and also with the meningococcus, sometimes appearing as an 
additional infection to the latter 

Bacteriological Diagnosis of Meningococcus Infection. During life the 
methods mvoKe the microscopic e.xamination of the centrifuged cerebro- 
spinal fluid and the making of cultures therefrom For the former, films 
stained by methylene blue and by Gram's method make the recognition 
of the meningococcus relatively easy in many cases, and the presence of Gram- 
negative diplococci. especially \nthm cells, is practically diagnostic, m 
addition, plates of boiled blood digest agar are inoculated ; this should be 
done wnthout delay as the organisms tend to die in the course of a few hours 
when the fluid has been kept at room temperature. The meningococcus when 
cultivated can be identified by its characteristic cultural and biochemical 
features and by agglutination tests with group or type anti^ra Cultures o 
the organism may be obtained even when microscopic examination has gn en 
negative results , and it is always advisable to mix several c c. of ui 
svith an equal volume of 1 per cent glucose-broth and incubate at > 
since in this way cultures can be obtained when no growth results from ir 


Sometimes difficulty arises in diagnosis when no organisms are detec 
microscopically or by the cultivation test. Here the character of t e 
may aftord some indication of the nature of the infection. A P j „ 

of polymorphonuclear cells is usually manifest in meningococca , pn 
coccal, and B tnfiuenzce meningitis, whereas in tuberculous 
exudate is as a rule chiefly lyraphocidic. In pneumococcal ana - oji 
infections the organisms are usually detectable by nnivmorph 

if not observed microscopically. To speak generally, u with p y 
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exudate no growth is obtained on blood agar, the condition is most likely 
to be due to the meningococcus Two other considerations must be borne 
in mind , if the meningitis is high up in the cerebro-spinal system, Jeucocj-tes 
may be present in the spinal fluid before organisms themselves are seen ; and 
if a case has been treated with a sulphonamide compound or penicillin before 
bacteriological examination is carried out. it may be difficult, if not imposs- 
ible, to demonstrate the meningococcus either by microscopic examination or 
cultivation It should also be noted that a polymorph exudate may be 
observed in the spinal fluid in cases of poliomyelitis. 

Meningococcal scpticccmia may be demonstrated by blood culture , if 
the case has been treated with a sulphonamide compound 1 per cent of />- 
arainobcnzoic acid should be incorporated in the medium 

Reference has been made earlier to the agglutination reaction with 
patients' serum which may be resorted to in cases where the organism cannot 
be <!emonstrated 

For the e.xamination of the naso-pharynx a post-nasal swab is used , 
this IS obtained by means of a West's tube to avoid contamination with 
organisms m the saliva The necessarj’ precautions must be taken to ensure 
immediate inoculation and incubation of plates, boiled blood digest agar 
being used as the culture medium The resulting growtlis will, of course, be 
mi.xed, and meningococcus colonics may not be numerous among the colonies 
of other organisms The various colonics arc carefully scrutinised and Gram- 
stained films made from those which correspond to the meningococcus, and if 
they consist of Gram-negative cocci subcultures are made The pure grow ths 
thus obtained are examined further as regards their cultural, biochemical 
and serological characters, commensal Gram-negative cocci being carefulh 
excluded 

The detection of meningotoccus carriers was at one time extensivolt 
relied on with a view’ to controlling the disease, but owing to the ver> high 
carrier rates among contacts, the segregation of proved earners has often 
been impracticable, and the labour involved in identifying tliem has not l>ecn 
justified b\ the practical results 

Tlie meningococcus can sometimes be demonstrated in the larger petechial 
lesions of the skin when a purpunc eruption is present For this purpose 
material from the IcMon is ‘scooped out ' with a Hagedorn or hvjiodermic 
nccillc and films made on several slides These arc stained bv Gram's 
method and the characteristic Gram-negative cocci may be ob'crved inside 
cells This IS recommended by some workers as a rapid means of diagnosis 
when there is a purpuric eruption (see Muir . and Tompkins) 

GONOCOCCUS {Mt/SShHIA GO VORR/ZaLT-) 

llie organism known to lx* the cause of gonorrlicva, and tailed the 
gonotonus, was first destrilx'd bv Neisser. who jn 1K7D gave an .ntount of 
Its nmroHopa cliaractcrs as seen in the pus of gonorrlneal infections, Ixith 
of the urctlira and of the tonjiinctiva He ronsnjered that this org.inism 
vv.is jH'ciiliar to the disease, and that its characters were distim tivc Liter it 
was successfulK isolated an«l cultivated on coagulated human scrum bv Humm 
and otliers B\ inodilation of cultures in the human subjcit its laiisal 
reIationsht[> to the tli'case has l)cen contliisneh cstablislied 

Mkudscoi-u (iivuvciiits The organism of gonorrfiaM is an o\al 
coccus {alKiut O'S to 1 /t m diameter) whuh usualh is seen in dipJcKwcaJ 
form tlie adj.ucnt m.trgins of the two nxii lieing fiattennl, or even sbglith 
concave so tJiat iK-iween them there is a small oval unstained interval 



208 MENINGOCOCCUS, GONOCOCCUS, AND ALLIED ORGANISMS 


An appearance is thus presented which has been compared to that of 
beans placed side by side (Fig. 29). When division takes place in the 


two 

two 


comiimiier ttian as tetrads Coca m process of degeneration are seen as 
sphencal elements of varying size, some being considerably swollen and 
staining faintly. 

These organisms are found in large numbers in the pus of acute gonorrhrea 
both m the male and female, and for the most part are contained within the’ 
leucocytes. In the earliest stage, when the secretion is glairy, a considerable 
number are lying free, or are adhering to the surface of desquamated epi- 
thelial cells, but when it becomes purulent the large proportion within leuco- 
cytes is a very striking feature. In the leucocytes they lie within the 



Fio 26 Gonococci, from a pure culture 
on blood apar of twenty -four hours* 
growth Some cocci alreadp are 
beginning to show the swollen ap- 
pearance common in older cultures 
Stained with carbol-thionm x 1,000. 


Fio ro. Portion of film of gonorrhceal 
pus, showing the characterihtic ar- 
rangement of the gonococci within 
leucocytes Stained bv Cram's 
method and dilute carbni-fuchim 
X 1,000 


protoplasm, especially superficially, and are often so numerous that the 
leucocytes appear to be filled with them, and their nuclei are obscured 
It has been observed that the marked and characteristic phagocytosis of the 
organism occurs more in the purulent e.rudate than in the inflamed tissue 
As the disease becomes more chronic the cocci gradually become fewer, though 
even in long-standing cases they may still be found in considerable numbers 

In artificial culture, the organisms have similar microscopic characters 
to those observed in the disease, but show a great tendency to undergo 
degeneration, varying in size — some being enlarged — and staining faintly and 
irregularly This is specially so in cultures after incubation for four or five 
days The less suitable the medium the more rapidly does involution take 
place. The gonococcus stains readily and deeply wdth a water}’ solution of 
any of the basic aniline dyes — methylene blue, fuchsin, etc. It is, however, 
easily decolonsed, and is Gram-negative — an important point in microscopic 
diagnosis. 

Cultural Characters. Cultivation is attended with some difficulty, as 
the conditions of growth are somewhat restricted. Blood or serum incor- 
porated in the culture medium is necessary, and a variety of media have 
been advocated by different workers for the cultivation of the organism. 
One of the most suitable for routine culture is 10 per cent heated biwd agar, 
the meat infusion incorporated in it being prepared by the method 
mended by Wnght (1933) (p. I8I). Nutnent agar with 10 per cent, asci 
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or hydrocele fluid may also be used The optimum pH is from 7'3 to 7-6. 
It is advisable to inoculate the medium within half an hour after obtaining 
the matenal from the body, and to place the tubes or plates at once in the 
incubator. Stuart has shown recently, however, that if matenal contaming 
gonococci is kept under conditions preventing oxidation the survival of the 
organisms at room temperature is greatly prolonged, so that cultures may be 
obtained after upwards of twenty-four hours (p. 215) Growth takes place 
best at 35° to 36° C (Jenkins), and ceases altogether at 25° C. The organism 
requires abundant moisture for its growth. Torrey and Buckell have advo- 
cated the use of a semi-solid agar m place of the ordinary solid medium If 
tubed medium is employed, there should be sufficient condensation fluid 
present A suitably moist atmosphere for the growth of the gonococcus can 
be obtained by incubating tubes or plates m an airtight jar containing a pad 
of wet glass-wool (Tulloch) Most satisfactory results are obtained by 
incubating the culture in an atmosphere with 8 per cent carbon dioxide. 
Liver extract and egg media have aUo been successfully used in the cultiva- 
tion of the gonococcus Cultures are obtained by taking some pus on the 
loop of the platinum ware and inoculating plates of medium by successive 
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tio 30 CoIoni«s ot eonococcus on serum agar . (a) three days' growth 
(6) and (r> hve days' rrowth xO 
rbrom photographs l>v the Ute I’rof \V U M Martin > 


strokes The colonies arc usually visible within forty-eight hours, and often 
within twenty-four hours , it is important, however, to note that sometimes 
growth may not appear till the fourth day Different strains seem to vary 
m their ability to grow on artificial media in pnmarv culture Tlie colonies 
arc small, semi-transparent, rounded disks, and vary somewhat in size They 
tend to remain more or less separate Later, the margin may become 
undulate and the centre more oi».iquc . radial andconccntnc markings maj' be 
present (Fig 30) The first cultures die somewhat quicklv, but in subcultures, 
kept at 37° C , the organism remains alive for a considerable time, sometimes 
three weeks After about a week, more active foa of growth mav appear m 
sonic of the colonies in the form of papilKe Atkin has drawn attention to 
tw 0 types of colonics winch apparently represent different biological types of 
the organism (I) large, irregular, thin colonics with papilla: , (II) smaller, 
rounder, tliickcr, and denser colonics walhout |«pilla; He claims that the 
papilla; of Tyi'C I are more viable than their substrate, and that Tvpe II 
colonics arc denved from thc'C papilla; of Tjqic I 

McLeod and Ins co-workers have found that the recognition of gonococcus 
colonies IS aided by the use of the direct oxidate reaction cultures .ire made 
on heated blood agar plato and after two day’s’ incubation arc covereti with 
a 1 jx;r cent solution of tctrametliy!-^-phcnvlencdiaminc hydrochlondc 
which IS immeiliatdy run off Medium-siml convex and translucent colonies 
which rapidly turn purple, mav lie acceptol for cliagntistic purpo'^s as the 
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gonococcus if they consist of Gram-negative diplococci which show the 
characteristic fermentation reactions and do not grow on ordinary agar 
medium 

The special requirements for the growth of the gonococcus have been 
studied by various workers. Certain amino-acids are essential, but JIcLeod 
el al. have shown that others may exert an inliibitory action, depending on 
their concentration and the presence of blood. Thus if-alanine and taunne. 
while inhibitor}' in certain concentrations, favour growtfi if 0-5 per cent, of 
blood is added to the medium. WTioIe blood acts better than serum in this 
respect, and blood heated at 55® C. better than fresh blood. An important 
function, therefore, of blood added to culture medium is the neutralisation 
of any growth-inhibitory properties of particular amino-acids present in the 
commercial peptone used Starch added to the medium may also act in the 
same wa\- by neutralising inhibitory factors. It has been shown that gluta- 
thione as derived from meat infusion, yeast, etc., may be an important 
growth factor and that strains wliich require this factor are inhibited by 
c}'stine and cysteine (Gould). Other amino-adds which have been found to 
be inhibitory are glycine, tryptophane, and tyrosine. Some workers have 
stressed the value of atiding 1 |)er cent, disodium hydrogen phosphate to the 
medium . this probably acts in I'irtiie of its bu/Tering property. Thomson 
has recommended the addition of glucose. 

BiotiiEMiCAL Ri.ACTioss. In fermentative reactions glucose is the 
onl} carbohydrate, among those generally used, which is acted on by the 
gonococcus , lactose, saccharose, and maltose are not affected. For fer- 
mentation tests solid media in the form of sloi>es should be used ; a digest 
basis is incor^iorated in place of meat infusion. 1 per cent, of the particular 
.sugar, an indicator of acidity, and 5 j>cr cent, sterile imheated serum from 
the guinea-pig or rabbit (horse scrum is unsuitable owing to its glucose 
content) 


Cotupanton utt/i Mtiittigotocetis The morphological and cultural characters of e 
gonoi.occus and meningococcus are m many rcspectscloseJi st/n/hr : thefoDowiflgpoin 
are of importance in distinguishing them biologically The conditions ot growth ® 
goiitKoccus are more rcstritted than those of the meningococcus The gonococcus 
not grow on the ordinary agar medw. whereas the meningococcus may grow ® > 

after repeated subculture The colonies of the latter are generally more , 

ha\ c more regular margins th.tn tho<e of the gonococcus The gonococcus fermen 
glucose whereas the meningococcus usually ferments maltose also It has been P ‘ 
out that the mening(K*x:ciis differs from the gonococcus m its power to produce 
Ivsis when growing on o per cent horse blood agar (JoachimoMts) 

SrKOLOGicAL Types A study of the immunity reactions of the 
gonococcus with antisera has elicited the fact that this sj^cies 
IS sere ‘ ’ „„ 

reacti. „ 

ha>b. 
callv 

while certain strains possess antigenic characters common lu k. 

a whole, it is not possible to subdivide gonococcus strains m o . 

. . -Iso obsert-ed variations in indiMO 

• antigenic properties. 

I subacute gonorthtta in H'ejf i'' 

,e. Atkm has subdi\aaecJ 


are caused bi’ one fairly iveJI defined serological tyT^e. 
strains into two serological types, one comprising nicot ‘w^ lkpeests the 
acute disease, the other mainly from chronic infections. e & jifrely 
possibility of transformation of the first to the second tj’pe 
that two mam types exist, with intermediate forms. 



MENINGOCOCCUS. GONOCOCCUS, AND ALLIED ORGANISMS 211 

The antigenic constituents of the gonococcus have been studied recently 
by chemical methods and precipitin reactions as in similar studies of the 
pneumococcus (qv.) Nucleo-protein and polysaccharide factors have been 
separated and it would appear that certain constituents are common to 
this organism and to the meningococcus and the pneumococcus (Miller 
and Boor). 

Relations to the Disease and Experimental Inoculation. The gonococcus 
is invariably present in the urethral discharge in gonorrhcea, and also in 
other parts of the genital tract when these are the seat of gonorrhceal infec- 
tion It is likewise present in gonorrhceal conjunctmtis, and has been found 
in some cases in the secondary infections of joints Its presence in these 
different positions has been demonstrated not only by microscopic examina- 
tion, but also by culture From the descnption of the conditions of growth 
in culture it will be seen that life outside the body m natural conditions is 
impossible — a statement which corresponds wth the clinical fact that the 
disease is always transmitted directly by contagion Inoculation of pure 
cultures in the urethra of lower animals, and even of apes, is followed by no 
effect, and a similar statement can be made with regard to inoculation of 
gonorrhceal pus itself In fact, hitherto it has been found impossible to 
reproduce the disease by any means m the lower animals On a considerable 
number of occasions inoculations of pure cultures have been made in the 
human urethra, both in the case of the male and female, and the disease, 
wnth all Its characteristic symptoms, has resulted (SucJi experiments have 
been performed independently by Bumm. Wcrthcim, and others ) The 
causal relationship of the organism to the disease has therefore been com- 
pletelj established The infection tends to persist, e g. the gonococcus has 
been isolated seven years after the original attack (Carpenter d al) , thus 
the earner state is set up 

Intrapentoneal injections of pure cuflures of the gonococcus m white mice 


connective tissue, but they appear to base little power of proliferation, they 
soon disappear, and the inflammatorj’ condition docs not spread Injection 
of pure cultures into the joints of rabbits, dogs, and guinea-pigs causes an 
acute inflammation, winch, however, soon subsides, whilst the gonococcus 
rapidlv dies , a practically similar result is obtame<l when dead cultures are 
used These experiments show that though the organism, when jircscnt in 
large numbers, can produce a certain amount of mflainmatorv change m 
these animals, it has little or no j>o\\cr of multipUmg and spreading in their 
tissues 

Tottti of the (jOkococcus I)e Christmas cultivated the gonococcus m a 
mixture of I part of ascitic fluid and 3 jrarts of broth, and found that tlie 
fluid after twche days' growth had toxic properties .\t tins penod all the 
organl^ms were dead, and the fluid constituted the ' toxin The toxic 
sub>tantes were precipitated along with the proteins b> alcohol, and the 


L.T>-c of animals it pnHlucctl no rflei t. its introduction into the human urethra 
caused acute latarrh. attemfed with purulent discharge He fotifi<l tliat no 
tolcraiuc to the toxin resulted after fnc siiccessiM- iniections at niteriaN 
It) a later puhlitation he i>oinlcd«ut that the toxin on intracerebral injtctum 
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had marked effects ; he also claimed to have produced an antitoxin. The 
production of a soluble toxin Is described by De Christmas has not been 
confirmed by subsequent workers, though recently Clark, Ferry and Steele 
have stated that a soluble toxin can be demonstrated in gonococcal cultures 
Such toxic products as have been described are probably of the nature of 
endotoxins. 

Distribution in the Tissues. The gonococcus having been thus shown to 
be the direct cause of the disease, some additional facts may be given regard- 
ing its presence both m the primary’ and secondary lesions. In the human 
urethra the cocci penetrate the mucous membrane, passing chiefly between 
the epithelial cells, causing a looseningand desquamation of many of the latter 
and inflammatory reaction in the tissues below, attended with great increase 
of secretion. There occurs also a gradually increasing emigration of leuco- 
cytes, which take up a large number of the organisms. The gonococcus 
penetrates the subjacent connective tissue and is especially found, associated 
■with extensive leucocytic emigration, around the lacuna?. Even when the 
COCCI have disappeared from the urethral discharge, they may still be present 
in the deeper part of the mucous membrane of the urethra, and also in the 
prostate The prostatic secretion may be examined b}' making pressure on 
the prostate from the rectum prostatic massage ’) when the patient has 
almost emptied his bladder, the secretion being afterwards discharged along 
with the remaining urine. In acute gonorrhoea there is often a considerable 
degree of inflammatory affection of the prostate and vesiculie seminalcs, but 
it is ditScult to say whether these conditions are always due to the presence 
of the gonococcus in the affected parts. A similar statement applies to the 
occurrence of orchitis and also of cystitis in the early stage of gonorrheea 
The organism has, however, been obtained in pure culture from peri-urethral 
abscesses and from epididymitis ; it is likely that the latter condition, when 
occurring in gonorrhoea, is usually due to the actual presence of the gono- 
coccus. During the more chronic stages other organisms tend to appear in 
the urethra, aid in maintaining the inflammatory condition, and may proauw 
some of the secondary results The pyogenic cocci, coliform bacilli, diph* 
theroid bacilli, etc , are often present, and may extend along the urethra to 
the bladder and set up cystitis, though this may be aided by the passage o 
a catheter It may be mentioned here that Wertheim cultivated the 
coccus from a case of chronic gonorrhoea of two years’ standing, and y 
inoculation in the human subject proved it to be still \'injlent. 

In the disease in the female, the gonococcus is almost invariably present i 
the urethra, the situation affected next in frequency being the cemx 
does not appear to infect the mucous membrane of the vagina of the a u 
unless some other abnormal condition be present, but it does so in the 
rheeal vulvo-vaginitis of young subjects. It has also been found ' 

tion in connection with Bartholin's glands, and sometimes . 

inflammatorj’ condition of the mucous membrane of the body of the u • 
The eonococcus mav also oass alone the Fallopian tubes and 


this condition, usually unassoefated with other organisms, l* uruiei ' *'* 
proportion of the cases in which the gonococcus has not ^en • 

organisms of any kind have been obtained from the pus, and m t e ^ 

may have been originally present and has subsequently died, Y’ 
pass to the pentoneum and produce peritonitis, which is usual y 
character. 
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In gonorrhccal conjunctivitis the mode in which the gonococcus spreads 
through the epithelium to the subjacent connective tissue is similar to what 
obtains in the case of the urethra The relation to the leucocytes in the 
purulent section is also the same. Microscopic examination of the discharge 
in acute cases often gives positive eNudence, and pure cultures may be 
readily obtained As the condition becomes more chrome, the cocci are less 
numerous and a greater proportion of other organisms may be present An 
infection of the con)unctiva m new-born children, ophthahma neonatorum, 
which IS often of very severe nature, may also be due to the gonococcus 
Jotnt affections, etc. The relations of the gonococcus to the sequelae of 
gonorrhcea form a subject of great interest and importance The followng 
statements may be made with regard to them First, in a certain number of 
cases of arthritis following gonorrhcea pure cultures of the gonococcus may 
be obtained A similar statement applies to inflammation of the sheaths of 
tendons Secondly, in a considerable proportion of cases no organisms have 
been found. It is possible, however, that in many of these the gonococcus 
may have been present in the synovial membrane, as it has been observed to 
be much more numerous in that situation than in the fluid Thirdly, in 
some cases, especially in those assoaated with extensive suppuration. 

” ' ‘ ' -’1 found to be 

the joints, 

i , .j . owsh tint, 


subject on inoculation with the cultures obtained. In another case, in which 
pleurisy was present along with arthntis, the gonococcus was cultivated 
from the fluid m the pleural cavity It seems possible that arthritis may also 
occur as a manifestation of allergy to the products of the organism, as in 
streptococcal infection {vtde p 171) The c.xistence of a gonorrheeal endo- 
carditis has been established Cases apparently of this nature, occurring in 
the course of gonorrhcea were at one time described wnthout direct bacteno* 
logical evidence, but the complete bacteriological test has been satisfied 
m several instances In one case Lenhartz produced gonorrhcea in the hurnfm 
subject by inoculation with the organisms obtained from the vegetations 
A true gonorrhccal sepltcaimta has also been demonstrated, cultures of the 
gonococcus having been obtained from the blood during life on more than 
one occasion (Thayer and Lazear) Such occurrences, however, are rare 
Gonococcal meningitis has been recorded but is a very rare complication 
Immunity and Serum Diagnosis. Immunity following recoverv’ from tlie 
infection is usually transient Specific antibodies hav e been demonstrated 
m the scrum of persons infected with the gonococcus, eg agglutinin, and 
complement-fixing antibody , and the complement-fixation test lias now 


valent antigen must be used, consisting of a number of strains sufiicicnt to 
represent the different serologic."!! races of the gonococcus. The complement- 
fixation reaction is of limited value, either for the diagnosis or exclusion of 
gonococcal infection m general ; but positive results arc ‘agnific.mt in c.ascs 
of considerable duration where there is evidence of dissemination of the 
organism 

I’nce rccotnmcnjs an ant>;;in j>rcparc«t as follows the orgamstn is grown on hydfo 
crlc ajar in .1 Houx tl.ask and wasbM off with K»0 cc saline solution I o c o( normal 
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sodium hydroxide is added and the suspetisbn is placed at 37“ C. for two hours ; this 


centrifuging and suspended in 4 cc saline solution : the suspension is then adjusted to 
pH 7-5 by the addition of decmomal sodium hydroxide when, after shaking, the 
precipitate undergoes solution , t c c of 1 per cent, formol-saline is added and the fluid 
after filtration is used as the antigen, diluted I in 30 for the actual test. According to 
Price, in the first week of a gonorrhoeal infection U7 per cent, of cases yield a positive 
reaction wjfh this antigen and the pCTCentegc of reactors increases w'lth Che duration of 
the illness, 100 per cent giving the reaction after five weeks. Repeated negative 
reactions after treatment have l>ccn regarded as indicative of cure 


AUerg}' A cutaneous allergic reaction can be elicited in certain cases by 
the intradermal injection of killed organisms, e g. gonococcus vaccine. It is 
negative in tlie early stage of the infection, and though frequently positive 
m the later stages, is not uniformly so The specificity of the reaction is not 
complete. 

I'accincs. Both gonorrhoea itself and the secondary infections have 
been treated by means of vaccines, but the results reported vary greatly. 
On the whole, most success has been obtained in the case of joint infections 
and allied conditions, though even here reiwrts are contradictory. The 
initial dose employed has ^en usually about five million cocci, lint care 
IS necessary m starting the treatment, especially in the ease of acute 
gonorrhcca 

Serum therapy. Specific antisera have been oppHcd in the treatment of 
gonorrheea. but tlie results hai'e not been such as to encourage their general 
use 


BacteriologicalDiagnosis. For microscoplce.vanurjatlon films of discharge, 
etc , are stained by Gram’s mctho<l. and it is advisable to put alongside the 
film a small quantity of culture of a staphylococcus as a control : this should 
stam deeply violet while the gonococcus in the film is stained only wth 
the counterstain The presence in the urethra! discharge in the male subject 
of large numbers of diplococci having the cJiaracters, position, and staining 
reactions already dcscnbcil, is generally regarded as conclusive evidence that 
the case is one of gonorrhoea For all practical purposes there is no othCT 
condition m which this sum-total of microscopic appearances is present in 
a ease of urethritis of the adult male It is of value, however, that confinna- 
tion of the microscopic findings should be obtained by cultivation ami 
examination of tiic biochemical characters. Even in chronic cases the 
microscopic picture is sometimes well maintained and a presumptive diag- 
nosis can be made in this way , but when the specific organism is m sma 
number and other bacteria arc numerous, microscopic diagnosis may c 
difficult, if not impossible It must also be remembered tliat Gram-nega ne 
diplococci other than the gonococcus but with similar morphology, may occu 
on the genital mucous membranes and these may become more numerous a 
a result of v’anous pathological conditions. Further, coccal organisms w 
are normally Gram-positive may undergo degenerative changes m isc arg 
and lose their Gram reaction and these may also simulate the gonoco • 
The difficulty is noticeable in gonofrhceal infections of the conpmem 
vagina (see de Bord}, and particularly in chronic gonorrheea m t e 
female subject Gram-negatzve diplococci other than the 
also be found in inflammatory conditions in these situations ‘ acj-iblish 
from gonorriicea In such cases the cultivation test is essentia o 
conclusive proof of gonorrhceal infection. Moreover, cultivation > ^ 

the presence of the gonococcus when microscopic 
case in the adult female, discharge should be taken ivith a a 
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wire loop from the urethra, or with the aid of a speculum from the cervix 
uteri, and both microscopic examination and cultivation carried out 

If the specific organisms are scanty cultivation may also present great 
difficulty as the growth will be a mixed one with gonococcus colonies in a 
small minority The direct oxidase reaction may facilitate recognition of 
colonies, but other organisms cultix'ated from these cases may give the 
reaction It should be noted that the gonococcus can be cultivated in some 
cases from the centrifuged urine, and it has been claimed that this method 
in males is more satisfactory than cultivation from discharge, since it reveals 
the presence of the organism if it is located in the posterior urethra (see Allison 
et at ). ' Prostatic massage ’ may also be applied as a preliminary to bacteno- 


It is of interest in regard to the diagnosis of gonorrhcca that cases of 
meningococcal conjunctivitis and vulvo-vagimtis have been reported . and 
that the gonococcus has been found, though very rarely, in meningitis (see 
Armytagc) 

Method of prtitnxrg Gonototet ui material for delayed cuUnatiou Stuart lecom- 
mends the following tolOOcc ofahot prcMously autoclaved, solution of 0 3 per cent 
fibre agar in water 0 2 c c t)iioglyi.olhc acid is added, and the mixture is approximately 
neutralised with Nyi l^aOll, then 10 cc of 20 per cent sodium glycerophosphate 
solution in distilled waterand 2 cc of I per cent CaCl, are added After thorough mix- 
ing, the medium while hot is adjusted to pH 7 4 with N/1 NaOH and 0 4 c c of 0 1 per 
cent aijueous methylene blue added About 7 cc is distributed in j-oz screw-cap 
Bijou ’ iHjttles These are steamed for one hour and then the bottles arc filled further 
with the mixture, to ensure that when the swab is subsequently inserted they will be 
quite full The caps arc screwed down firmly and the bottles are kept for at least 
twenty-four hours , if they are then clear and colourless they are suitable fur use 
Absorbent cotton swabs on wooden applicators arc contained in plugged swab tubes, 
all sterilised (It is advisable to soak the swabs in a 1 per cent suspension of charcoal 
t g ' Wood cliarioal (B D II ) ’ and then sterilise them when dr>'. as this overcomes the 
inhibitory action of certain bitches of agar Tlie material to be cultivated (puv or 
serous oxudatcl is taken on the swab, which is immediately plunged into the medium 
to aliout three-quarters of lU depth ; with 8Clv^o^R the top of the wooden applicator 
IS then cut off flush with the medium and the cap screwed down firmly 

The complement-fixation test, as tlcscnbctl earlier, ma_\ be applied in 
susjKCtcd cases m which the gonococcus cannot be demonstrated liy direct 
methods 

GRAM-NEGATIVE ANAEROBIC MICROCOCCI (VEIIJ.OXhUM) 

Members of this group h.i\c been dexenbed under different names, e c 
Staphvlocpccu^ pan'iilus. Micrococcus paniiliis (see Veillon and Ziiber 
I’revot), and thvir taxonomic position has not been clearly tlcfined , their 
.issociation with the genus Xeisserta is oju-n to question, but the recognition 
of a genus under the designation Vnllonella xcems justifiable (see IJergej ) 

These organi>.ms occur m the form of very small Grum-ncgative non- 
inotilc cocei alxmt 0-5 to 0-1 in diameter . their general arraiigimeiu is in 
groiijis or masses, though short chains max l>e seen Their optinuim tem- 
jicratiire for growth i-. 37’ C on ordmarv media under strivtly an.nerobii 
londitions Surface colonies arc small and tran-parent. not usiiallv exceeding 
2 mm in diameter when fulK grown The sjxrics designated I'etlloneUj 
panuli IS wcakU hxniolytic on blood agar and ferments glucose with and 
and gas jiriMhiction and forms acid from certain other s-ug.nrs, eg galiclose 
and jiaccharose It does not liquefy gelatin, but in culture media dccotnjxascx 
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polypeptides, producing gases such as hj’drogcn, carbon dioxide, and hydro- 
gen sulphide, cultures having a sometvhat icetid odour ; indole is formed and 
nitrates are reduced to nitrites. Anotberspccics designated V. gazogenes differs 
from the former in being non-Iuemolytic, non-saccharolytic and failing to 

Hall and Houitt). 

. the mouth and alimentary tract 

^ • isolated from the appendix and 

has been found m cases of pulmonary gangrene. While it has been isolated 
from suppurative lesions in connection with the mouth and alimentary tract 
and may occur as a secondary infecting organism, its pathogenicity has not 
been established. 



CHAPTER VII 


THE DIPHTHERIA BACILLUS AND ALLIED ORGANISMS 
(CORYNEBACTERIA) 

There is no better example of the valuable contributions of bacteriolog\ 
to scientific medicme than that afforded in the case of diphtheria Not only 
did research supply means of identifying the causal organism and ascer- 
taining its virulence, but the study of the toxins of the diphtheria bacillus 
explained the mode of production of the pathological changes and character- 
istic symptoms of the disease, and led to the discover}' of specific methods 
of prophylaxis and treatment. 

Bretonneau, from clinical and pathological observations, distinguished 
diphthcna as a specific disease . but the proof of this was effected by the 
discover}* of the causal organism The first account of the diphthena 
bacillus was given by Klebs in 1863, who described its characters in the false 
membrane It was first cultivated by Lofller from a number of cases of 
diphtheria, lus obser\'ations being published in 1881, and to him we oue 
the first account of its characters m cultures and some of its pathogenic 
effects on animals The organism has, for these reasons, often been spoken of 
as the Klebs-Loffler bacillus By experimental inoculation uitli cultures, 
Loffler was able to produce false membrane on damaged mucous surfaces, but 
he hesitated to conclude definitely that this organism was the cause of the 
disease, because he did not find it m all the cases of diphtheria examined, also 
he was not able to produce paralytic phenomena m animals by its injection, 
and, further, he obtained tlie same organism from the throat of a health} 
child Tlie organism became the subject of much intjuiry, but its relationship 
to the disease was definitely established by the researches of Roux and 
Ycrsin, who showed that the most important features of the disease could be 
produced by means of the separated toxin of the organism This was the 
original discovery of a bacterial exotoxm. Their experiments were published 
m 1888-9(1 

Witiiout describing m detail the pathological changes in diplithcria. 
mention will be made of the outstanding features which require to be con- 
sidered in connection w'ltli its Ixictcnology At the site of infection, which is 
usualh in tlic upper respiratory passages, there is a local inflammatory change 
with fibrinous exudation and rellular necrosis In addition to this formation 
of false membrane, wlucli may prove fatal by mechanical effects, the chief 
clinical jilienoincna arc the svinptoms of general poisoning, great muscular 
weakness, tendency to S}ncopc. and albuminuria . also the marked par.il\sis 
wlmh iK'curs later in the disease, and whicb may aflcct the muscles of the 
j»li.ir\n\ larynx, and C}C. or less frcqiientl} the lower limbs (licing sometimes 
of juraplegtc tyjw), all these licing grouj*^ together under the term ' jxist- 
diphtlienlu j>aral}sis ' Thi-sc effects arc due to the diffused action on the 
tissues of the soluble toxins jirwluccd b} the Uicilli The toxins act on the 
bloiKl vessels and lead to general congestion of the organs, also atlema and 
a tendenev to haunorr ... , .i . 

capillaries IS often met 

the kidno\ there is cloi ■ • 

seiTetmg epithelium ' ’’ 
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undergoing hyaline change followed by necrosis and associated with leuco- 
cytic infiltration — the auriculo-ventncular bundle may be involved ; these 
lesions are important in relation to heart failure. Similar changes have been 
obser%’ed in cells of the central nervous system ; and the peripheral nerves 
are also affected, as shown by disintegration of the medullary sheaths and 
swelling of axis cylinders It should be stated here that all these conditions 
have been experimentally reproduced in animals by the diphtheria bacillus, 
or by its toxin Other bacteria, horvever, are concerned in producing various 
secondary inflammatory complications in the region of the throat, such as 
ulceration, suppuration, and gangrenous change, which may be accompanied 
by sjTTiptoms of general septic poisoning. The detection of the bacillus in 
the false membrane or secretions of the throat is to be regarded as supplying 
the only certain means of diagnosis of diphtheritic infection, though it must , 
be recognised that virulent pr,avinilent diphtheria bacilli may occur m the 
throat or nose unassociated with active or typical diphtheria, e.g. in carriers. 
On the other hand, fibnnous e.xiidate may result from infection with other 
organisms, e g streptococci 


BACILLUS DIPHTHERIA {COHYNEBACTERIUM DJPHfHERIAt.) 

Microscopic Char.acters. As seen in young cultures B. dtphtheriw 
occurs in the form of straight or, more frequently, slightly curved rods, which 
measure usually about 5 to ^ in length 
and 0-3 to 0*5 /! in thickness ; bothshorter 
and longer forms, however, are met with. 

. The organism is non-motile and non- 
' * sponng. The individual bacilli vary in ' 

. configuration, being rounded or tapered 

V at their ends, and they stain unequally, 
either showing beading or giving 
a sort of barred marking (Fig. 31). 
Diphtheria •bacilli frequently contain 
granules {' volutin ' granules) which pro- 
duce the beaded appearance (Fig. 32) 
and which with certain dyes give a meta- 
chromatic reaction, e g. staining a purplish 
tint with polychrome methylene blue. 
The granules are stained a deep, bluish- 
black colour by Neisser’s method, while 
the rest of the protoplasm is coloured 
with the counterstain, eg chiysoidin. They are usually situated at the 
poles of the bacilli — ‘ polar granules ' — ^but occur in other ? 

substance, and the longer bacilli may contain several. It should m 
that these granules, while a pronounced morphological feature when le 
organism is growing on a serum medium, eg Loffler's, may not be 
on other media. The long form of diphtheria bacillus with well-mar 
granules is specially characteristic of the mitts type ; the gravis tj'pe cn = 
to show short forms in ivhich granules may be absent or only irregu . 
present; as pointed out by Mair. barred staining is a feature ^ 
ttitertftedius type (vide p 220) The ends of the bacilli 
especially in the longer forms, later these may form club-uKe ^ . 

M'hr/'li cfnin whilf* thp rjmtnnlacm becomes broken Up lUtO g 
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■rc 31 Diphtheria bacilli from a 
twenty-four hours’ culture on agar. 
Stained with methylene blue 
X 1,000. 


which stain deeply, ivhile the protoplasm becomes broken up i 
Other bacilli may become thicker and segmented, and may 
a chain of cocci, and various stages of disintegration are seen ( o- 
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Fic 3- Diphtheria hacilli. «ho'»me beaded 
appearante doe to deepiv stained granules 
from a twentv-four hours’ culture on LoWet's 
serum Stsined tn N'eisser’s method 1,000 
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These aberrant forms, which are specially noticeable m cultures after 
several days’ incubation, are usually regarded as the result of involution 
Occasionally branched forms are 
met with. A characteristic feature 
m a film is the arrangement of the 
bacilli They lie at vanous angles 
to one another, giving an appear- 
ance which has been compared 
to Chinese letters or cuneiform 
characters. 1 his is apparently 
due to the snapping mode of 
di%nsion (p 8) , when a bacillus 
undergoes division the process 
at first occurs at one side and 
the two new individuals remain 
attached and set at an angle. 

It should be recognised that the 
size and general appearance vary 
with different strains of organisms 
and with different media, as well 
as with the duration of the growth 
Sometimes quite short t>pes are 
met with , rarely, in tryptic digest 
broth the culture may consist 

wholly'of coccal forms arranged in clumps, diplococcal forms, and chains 
(Parish. 1927) 

The bacilli are Gram*posttive, though they are rather more easily decolor* 
ised than the pyogenic cocci When decolorised, however, the granules may 
still retain the Gram’s stain 

In films from the pharynx or from the membrane the bacilli have the same 
general characters, buj they tend on the 
whole to stain more evenly and granules 
are not so pronounced (Fig SC) 

Cultural CHAitACTr.RS The diph- 
theria bacillus grows best in culture at 
the temperature of the body , growth 
still takes place at 22° C . but practically 
ceases about 20® C , it occurs under 
y > T and anaerobic conditions 

Jp 1 The best media arc those which contain 

I fi »:v blood or scrum, r g Lofller’s coagulated 

aenim nvsUum. but grow th occurs .iNo on 
the ordinary agar media If inoculations 
arc made on the surface of coagulated 
serton with a piece of diphtheria inem- 

] , brane, colonics of the bacillus appear m 

twelve hours, and arc well formed watlun 
twenty-four hours The colonics arc 
small circular disks of opaque whiti-h 
colour, the centre being thicker and of 
darker greyish apfxrarancc than the pcnphciy Their margins are at first 
regular, but later they become wa\-j* or even crenated On the second or 
third day tlicy may reach 3 mm in size, but when numerous thev remain 
smaller Tlicir surface Iwcomes distinctly granular, and when there is a 
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mass of growth it comes to have a yellowish tint. On ordinary agar the 
colonies hav’e much the same appearance, but grow less quickly, and some- 


have been distinguished {Cowan). In gelatin at 22'‘ C. a stab culture shows a 
line of small white colonies along the track of the wire, while the growth at the 
surface is only slight. In none of the media does any liquefaction occur. In 
broth the character of growlli varies with the biological type (vide infra] • 
either a uniform turbidity is produced or the growth is granular, forming a 
deposit and a powdery layer on the wall of the vessel ; in this case if the 
growth is started on the surface and the container is kept at rest, a distinct 
scum may form, Avhich is especially suitable for the development of toxin 
(Vide infra) 

Grouitk factoys rf-alanine, pitnelic. and nicotimc acids have been found to act as 


ho^\«vcr, appears to be an additional growth factor for certain grans strains, while other 
strains themselves synthesise this factor (K%'anscr«/.) It has also been pointed out that 
some Wills strains are inhibited by heated blood due in part to the haimatin iireseot, 
this eiTect being counteracted by r^ucing substances (Glass). 

In recent years for the diagnostic cultivation of the diphtheria bacillus 
extensive use has been made of agar media coniaintng fotassiwn’telUmte 
and heated or laked blood as recommended by McLeod and others. Tellurite 
renders these media highly selective for the diphtheria bacillus and allied 
diphtheroid brganisms, since suitable concentrations which permit their 
growth, inhibit the growth of other bacteria present in the mouth and 
throat, e g. staphylococci, streptococci, pneumococcus, D. catarrhalis, etc , 
the tellurite is also reduced by the diphtheria and diphtheroid bacilli and 
their colonies assume a black, greyish-black, or slate-grey coloration The 
morphology of colonies is also more characteristic and, as will be shown, on 
many such media different types of the diphtheria badilus can be distin- 
guished by colony appearances Rabbit blood is specially suitable for tbs 
purpose On such media, however, the characteristic metachromatic 
granules demonstrable by Netsser’s staining method are not obsen'ed or only 
imperfectly seen 

Further reference is made beloiv to the cultivation of the diphtheria 
bacillus in relation to toxin production. 

Types Three biological tjpes of the diphthena bacillus, designated 
respectively gravis, mtlis, and intermedins have been distinguished bj 
Anderson, Happold, McLeod and Thomson (Leeds), chiefly according to 
cultural characters on a medium containing blood and tellurite ; and the} 
originally related these to different clinical tj'pes of the disease. B. dip /• 
thertcE gravts (so called because of its association with a severe t>'pe o 
diphtheria) grows in the form of flattened, lustreless colonies of irregular 
outline, which often exhibit a ' daisy head ’ formation ; it exhibits a 
growth and pellicle in broth. B. dtplUherta: mitts (usually associated intn^ 
milder type of disease) has a smooth, convex colony which is partly 
lucent . it produces a uniform turbidity in broth. The interniediut to 
yields a small lustreless colony with a domed centre and flat irregular margi ■ 
The Park Williams No. 8 strain, tvhich has been extensively' used ior oxi 
production, is of this nature. On heated (rabbit) blood agar reinforce wi 
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rabbit serum the colonies of the tntermeduts type have been described as 
exhibiting a characteristic ohve-green colour (Gordon and Higgmbottom). 
The question of the significance of the biol(^cal types of the diphtheria 
bacillus will be discussed later 

Biochemical Reactions. The action of B. diphtheria in fermentation 
tests has been extensively studied and is of considerable importance It may 
be said that the organism produces aad without gas formation from glucose, 
maltose, and galactose, and no aad from lactose, saccharose, and mannitol. 
Glucose and saccharose are the sugars employed for practical purposes In 
carr>ing out the tests it is important to ensure that there is abundant growth 
in the medium, and for this reason a hquid serum medium such as Hiss’s, \nth 
1 per cent of a suitable peptone added is to be recommended, phenol red 
being used as indicator and the pH adjusted to 7*2 In Hiss's medium the 
development of acid is attended by the formation of clot The fermentation 
of starch and glycogen is a characteristic feature of the gravis form of the 
diphtheria bacillus, whereas the mttis and tntermedius forms have no action 




he. .V> Colonies of li liiphthtria 
/twit on McLeods metltum (18 
hours’ growth), xlj 


on these polj saccharides Reference to the fermentatne properties of allied 
organisms is made below 

//iTHiofysis The fact that certain strains of B dtphtherta may produce 
luemolysis when grovsTi on a blood medium has long been recognised It has 
also been found that Ijsis may result when blood is added to fluid cultures 
Whether tins effect is due to a diffusible toxin similar to the hremolvsms of 
certain other bacteria, fg streptococci, remains doubtful It ma\ Ixi noted 
that while the viilis tvjic is hemolytic to o\ and rabbit crvthrocytcs the 
gravis form lacks the property of lysing o\ blood though it is hxmolvtic to 
rabbit corpuscles The tj-pc is non-lin:molytic to Inith o\ and 

rabbit corpuscles 

ViAHiLiTY. In cultures the Iwcilli possess long duration of life . at 
room tcnijicraturc they may survive for two months or longer In the 
moist condition, whether m cultures or in membranes, they ha\c a low jiowcr 
of resistance to heat. Iwing killed at 60'* C in a few- niinutcs On the other 
hand, m the dry condition thev have great resisting jxiwcrs In membrane 
which IS perfectly dr\', for example. tlic\ can resist a tcmpcniturc of 9^' t 
for an hour Dried diphthcn.a membrane, kept in the absence of light ami 
at the room tcinjwraturo, has l)ccn prosed to contain diphtheria b.'icilh still 
living and virulent at the end of several months Tlie presence of light and 
moisture causes them to die out more rapidly Corresponding results !ia\c 
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been obtained with bacilli taken from cultures and kept on dried threads. 
It has been shown that the diphtheria bacillus may survive in the floor 
dust of fever hospital wards with resultant contamination of the air 
(Crosbie). 

Distribution of the Bacillus, B may be found in the membrane 

wherever it is formed, and also occurs in the secretions of the pharynx and 
larynx in the disease. Virulent diphtheria bacilli have been found in a 
considerable proportion of cases of fibrinous rhinitis In the case of any nasal 
lesion, however, the test for vinxlence should always be made, as ' diphtheria- 
like ’ bacilli without virulence are of comparatively common occurrence. 


In diphtheria the membrane has a somewhat different structure according as it is 
formed on a surface covered with stratified squamous epithelium, as in the pharynx, or 


on a surface covered by ciliated epithelium, as i 
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Fio 3fl Film preparation from diphtheria mem- 
brane, «hotvmg numerous diphtheria bacilli. One 
or two degenerate forms ate seen near Use centre 
of the field fCuIturps made from (he same piece 
of membrane sliowetJ the org.inism to be present 
in practicalh pure condition ) Stained with 
methylene blue ^ 1,000 


1 the trachea In the former situation 
necrosis of the epithelium occurs 
either uniformly or in patches, and 
along with this there is marked in- 
flammatory' reaction in the con- 
nectii'e ti‘>''ue beneath, attended by 
abundant fibrinous exudation The 
necrosed epitbchum becomes raised 
up by the fibnn, and its interstices 
are also filled by it; fibnnous exuda- 
tion also occurs around the vessels 
in the tissue beneath The mem- 
brane IS thus firmly adherent, and 
when artificially detached it leaves 
a bleeding surface In the trachea, 
on the other hand, the epithelial 
cells rapidly become shed, and the 
membrane is found to consist almost 
exclusively of fibnn mth leucocytes, 
the former arranged in a reticulated 
or somewhat laminated manner, and 
varying lo density in different parts 
The membrane lies upon the base 
ment membrane, and is compara- 
tively loosely attached 


The position of the diph* 
theria bacilli varies somewhat 
m different cases, but they are 
most frequently found l>’ing in 
clumps in the spaces between the fibrin, towards the superficial, that 
IS. usually, the oldest part of the false •membrane (Fig. 37). . 

they mav be in a practically pure condition, though streptococci an 
occasionally some other organisms may be present along tvith them 
They may occur also m deeper parts, but are rarely found in the fibiw 
around the blood vessels. On the surface of the membrane they may 
also seen lying in large numbers, but are there accompanied by 
other organisms Occasionally a few bacilli hax’e been detected in 
lymphatic glands As Loffler first described, they may be found after oea 
in pneumonic patches m the lung, these being due to a secondary ext eiw 
b> the air passages They have also been occasional!)’ found 
liver, and other organs after death. Such occurrences are probabl) 
explained in most cases by an entrance into the blood stream 
death In a few instances they have been cultivated from the ® 

life. Under exceptional conditions the organism may spread 
original site of infection and by the blood stream reach other p 
the body, localising there and producing active lesions Thus u ce . 
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endocarditis due to the diphtheria bacillus has been reported (see Graetz), also 
meningitis (Kalbfleisch and Kretschmer) and cases of bacilluria (Lanza) It 
may be accepted, howe\er, that the grow'th of the organism is mainly local, 
that it does not invade the tissues to any extent, and that its important 
effects are produced by toxins absorbed from the site of growth The diph- 
theria bacillus may also infect other mucous membranes , thus diphtheria of 
the conjunctiva has been found occasionally, and similar affections of the 
vuha and vagina may occur. In most of the recorded cases of such lesions, 
however, the identity of the bacilli has not been fully established . some of 
them are described as responding to treatment with antitoxin During the 
war of 191 1-18 virulent diphtheria bacilh were cultivated from wounds in 
a small proportion of cases , 
their presence was not at- 
tended by any special effects 
Cutaneous diphtheria may 
sometimes occur and takes 
the form of ulcers wnth fibrin- 
ous exudate or of vesicular or 
pustular lesions , diphtheritic 
paronychia may also be met 
with Organisms with all 
the biological characters of 

the diphtheria bacillus have . - • . , % 

been isolated from cutaneous , *v i ^ ^ 

sores m tropical and sub- L* * *, 

tropical countries but have - / 

usually proved to be non- ♦ * i .i , * * 

\irulcnt for guinea-pigs and 

non-toxigeme Their relation- *: * 'Jr- I., • 

ship to the diphtheria bacillus ' 

remains doubtful True diph- ■' 

thena bacilh have also been 

isolated from such sores but 

ma\ rcprc'ent a secondary x i.ooo 

infection 

.Isccfirt/iH/i Ti ilh oVier orgiinrsms In diphtheria tile pyogenic organisms — 
btrcptoi on 1, staphylococci, pneumococcus, etc —arc practically always 
present in the pharynx, occurring there in x ar\ ingnunibors and lombinations 
Hwmohtic streptococci arc, howexcr. rclatix-elv abundant m certain ca«es 
and lan hardl) lie xsithout effect m aggraxatmg the condition Tlicv arc 
often found Iving side b> side xxntli the diphtheria bacilli in the membrane, 
and aKo {>cnetrating more tlccplx into the tissues In some cases of tracheal 
diphtheria streptococci haxc liccn found alone at a lower level in the trachea 
th.in tlic iliphthcna bacilli, where the membrane is thinner ami softer the 
apjxMr.uK 0 in these cases being as if the streptococcal infection were spreading 
more rapiclK than the diphtheritic condition I'urthcr, some of the complica- 
tion'' of (hphthena arc due to the action of p\x>gcinc organisms 1 he exten- 
'ixc 'Welling of the tissues of the neck, sometimes attended b\ suppunition 
m the gland' and aKo various b.imorrhagir conditions, hax c l>ccn found to lx* 
.I'MH laii <l w itli ihcir prc'cmc the tliphtheritu IcMon enable' them to get a 
fcKilhohl in the tiS'UC'. where thex exert tlitir U'lial action and mav lead to 
extcn'ixe 'up]iurati\c ihaiige or excii to vepticamia In la-c' where a 
gangrenmi' proiC's is snjKT.idilixl. a great \.triet\ of organisin' max l>e 
pn“-ent. 'oine of them Ixmg .iiiaerobic 
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Effects of Experimental Inoculation. In considering the effects produced 
in animals by experimental inoculation of pure cultures, we have to keep in 
view the local changes which occur in diphtheria, and also the symptoms of 
general poisoning. ^ 

As Ldffler stated in his original paper, inoculation of the healthy mucous 
membranes of various animals with pure cultures causes no lesion, but the 
formation of false membrane may result when the surface is injured by scarifi- 
cation or otherwise. A similar result may be obtained when the trachea is 
inoculated after tracheotomy has been performed The membrane produced 
in such experiments is usually less firm than in human diphtheria, and the 
bacilli in the membrane are less numerous. Rabbits inoculated after trache- 
otomy often die, and Roux .and Versin were the first to observ'c that in some 
cases paralysis might appear before death. 

Subcutaneous injeciton in guinea-pigs of diphtheria bacilli in a suitable 
dose produces death within thirty-six hours to four days. At the site 
of inoculation tliere is usual!}' an area of inflammation with some necrosis, 
whilst m the tissues around there is extensive inflammatory oedema, often 
associated with hgemorrhages. and there is also swelling of the corresponding 
lymphatic glands The internal organs show general congestion, the supra- 
renal glands being especially enlarged and congested and often htemorrhagic. 
The renal epithelium may shoiv cloudy swelling, and there is often effusion 
into the pleural cavities. After iniection the bacilli increase in number for a 
few hours, but multiplication soon ceases, and at the time of death they may 
even be less numerous than wjien injected The bacilli remain practically 
local, cultures made from the blood and internal organs usually gi'mg 
negative results. If a non-fatal dose of a culture be injected, a local 
necrosis of the skin and subcutaneous tissue may follow at the site of 
inoculation. 

In rabbits, after subcutaneous ihoculation, results of the same nature 
follow, but these animals are less susceptible than guinea-pigs, and the dose 
require.*; to be proportionately larger. Roux and Yersin found that after 
mtravenous injection the bacilli rapidly disappeared from the blood, and when 
I c c. of a broth culture had been injected no trace of the organisms como he 
detected by culture after twenty-four hours , nevertheless the animals ^ 
with symptoms of general toxaemia, riephritis also being often present. e 
dog and sheep are also susceptible to inoculation with virulent bacilli, bu 
mouse and rat enjoy a high degree of immunity. , 

Iniracufaueotis vijeciwn has l>ecn found to be of service in .. 

virulence and thus m the identification of the diphtheria bacillus, especi y 
when used m conjunction with the injection of antitoxin. Injection 

fine needle of a small amount of ’ ® ^ficial 

pig produces a circumscribed nrevi- 

necrosis in from one to two days , ^ 

ously an injection of, say, 250 units of antitoxin, the result is '''f strain 
result IS also negative (without antitoxin) in the case of an ai'iru en 
This test can also be earned out on the rabbit. . . 

Toxin. In the above experiments the symptoms of or 

mately a fatal result, occur when the bacilli are not increasing in 
even after they have practically disappeared. Accordingly, - 
Yersin inferred that the chief effects were produced by a 
supposition they pre 
three or four weeks' 

The filtrate when injected into guinea-pigs and otna fibrinous 

practically the same effects as the living bacilli ; locailj’ tner 
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exudation but a considerable amount of inflammatory cedema, and, if the 
animal sur\’ives long enough, necrosis of the superficial tissues in var 5 ^ng 
degree may follow. The toxicity may be such that O-OOl to 0-00025 c c is 
fatal to a gumea-pig in five day^ One point of much interest is the 
high degree of resistance to the toxin possessed by mice and rats. 
Roux and Yersin, for example, found that 2 cc of toxin, which was 
sufficient to kill a rabbit in sixty hours, had no effect on a mouse, whilst 
of this toxin evei\^ c.c produced extensive necrosis of the skin of the 
guinea-pig. 

After injection either of the toxin or of the living bacilli, when the 
animals survive long enough, a state of marasmus sets m or paralytic 
phenomena occasionally occur In the latter condition the hind-hmbs are 
usually affected first, the paraly’sis afterwards extending to other parts, 
though sometimes the fore-hmbs and neck first show the condition Some 
times symptoms of paralysis do not appear till two or three weeks after 
inoculation. After paralysis has appeafed, a fatal result usually follows in 
the smaller animals, but in dogs recovery may take place It is to be noted 
m this connection that paralytic symiptoms may occur m the human subject 
even after treatment with antitoxin The production of these paralytic 
phenomena was asenbed by Ehrlich to ‘ toxonc as they occurred specially 
when there was injected along wath the toxin sufficient antitoxin to neutralise 
the more rapidly acting toxin proper This toxone was supposed to have 
a different ' toxophore ' group from that of the ordinary toxin, so that it 
produced the late nervous phenomena, while its local action on the tissues 
was very slight Owing to the weaker affinity for antitoxin which he postu- 
lated, much of it might bo left un-neutralised Prigge’s work lias indicated, 
however, that toxonc has no separate existence as a constituent of diphthena 
toxin, since ho was able to reproduce the paralytic effects regularly m 
guinca-pigs by repeated injections of minute doses of diphthena toxin— 
without any admixture of antitoxin— over a long period. Thus paralysis 
is the result of a chrome intoxication with the products of the diphtheria 
bacillus 

Prefnralion oj the toxin The obtaining ot a verj- active toxin in large quantities 
IS an essential in the preparation of anti-diphthentic senim Certain conditnms favour 
the development of a high degree of toxicity in broth cultures namely, a free supph of 
oxygen, the pretence of a large proportion of peptone or products of tryptic digestion, (he 
absence of substances u hich produce an acid reaction, and on inifial reaction of pti 7 0 to 8 
Keccntly it has been shown that there is a narrovv r.xnge of content in iron which is 
critical (or the abundant production ol this toxin (l‘appcnhcinier and Johnson) In the 
earlier work a current of sterile air was made to pass over the surface of the mcilium, 
as It was found that by this means the penod of acid reaction was shortened and the toxm 
form.-ition favoured This expedient was later considereil unncccs-var) if an alkaline 
mnlium free frtyn glucose was uscil and the cultures were made in shallow l.ijcrs of 
medium It waX recognised b) the early wr,fkers that the occurrence of a surface ]>e1ticlc 
<if growth fav oured tosin priKluctinn and this has been emphasised b> l*<ij>c and Healey 
The absence of glucose may Iw attained l»> fermenting the meat inlusion with >ea5t 
M.srtin emplo>e<l a medium coiiip<»se«l of equal puts of freshl> prcparetl peptone .ind 
glucosr-Irte ve.il broth and obtained with it gsiod yields of toxin As a constituent 
Ilf mfilium for toxin production commercial peptones vary considerably and a specivlly 
prep.rred trvptic digest prov ides the most satisfactory Uvsis X mtslium prepared from 
a tryptic digest of horse flesh which b.vs hem much used is Hartley s broth Certain 
orgmic substances have Ix-en found to be valuable in augmenting the formation of toxin 
r g sodium acetate. vdiuml.vcUte and m-iltose (Pope and He.iley ) It may l>c noted that 
in vltose Is only slowly con verted to gliK4*sebv the growth of Ihcorganismand its presence 
does not le.vd to excessive acid prcxluct ion .\ medium fulfllhng these rr*|Uirements is that 
ol Pojie and Smith It Inccrixirali-s a Rlucose-frce mcatinluvi.m. a iry-yitic digest ol rtie.vt, 
liSjierccnt m.rltose and 0 1 per cent sodmm Ivctate. biich outliire meilia apparently 
conl.vin fsclurs valuable for toxin preductnm which are hentdabile, and therefore it iv 

15 
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advisable to sterilise by filtration through a Scit* filter toKowed by ten minutes steaming at 
100 C As emphasised above, the reaction ot the media should be accurately adjusted 
within the limits mentioned (pll 7-fito8) Incubation is earned out at 33’to3S-'C, There 
IS in all cases a period at v,hicK the to’iicvty reaches a maximum : by recent methods the 
greatest toxicity is reached about the tenth day or even earlier. An important factor, 
as mentioned above, is the oxygen tension wliich depends on the relative area of surface 

of the medium exposed * .... 

layers of mediiitti, eg , . ■ . 

ba? been reached the c 

of toluol ; it IS then shakenon several occasions for two or three days. Filtration through 
a Scitj filter yields a b.i.ctena-free filtrate which represents the crude toxin- Whec toxiti 
is to lie used for testing purj,vi<?ca it is kept in an ice -chest for about twelve months, tdl 
it has been ' ripened ’ or stabilised. It may be added that the power of toxin formation 
vanes much in dificTcnt strains of the diphtheria bacillus. A strain designated Park* 
Williams No 8 has been extensively used fur the production of diphtheria toxin and 
has proved most suitable for the purpose 

ThougJi the media dc.'icnbcd above )iavc been mudi used for to.xin produc- 
tion it has been found possible to obtain highly potent toxin in a synthetic 
medium containing amino-acids, maltose, inorganic salts, and certain growth 
factors, such as pimelic and nicotinic acids. 

Pfoperlies and nature of the toxtu. Tlie toxic substance in filtered 
cultures is a relatively unstable body. When kept in sealed tubes in the 
absence of light, it may jiresen’c its powers little altered for several months, 
but, on the other hand, it gradually loses them when c.vposcd to the action of 
light and air. As has been shown, the to.xin probably does not become 
destroyed, but its ' toxophore ’ group undergoes deterioration, so_ that 
fpxoirf is fonued which has still the po\^c^ of combining with antitasm 
and of stimulating the production of antito.vin in vivo. Heating at 5S® C 
for two hours destroys tlie toxic projicrtics in great part, but not altogether. 
When, however, the preparation is evaporated to dr}’ness, the toxin has much 
greater resistance to heat. One striking fact, discovered by Roux and 
Yersin, is that after an oi^anic acid, such as tartaric acid, is added fo tne 
to\m the toxic property disappears, but it can be in great part restored bj 
again making the fluid alkaline Rcfcrcncc-has been made in Chapter II to 
the protein nature of the toxin, which has been isolated in purified state from 
cultures in synthetic medium Its molecular weight has been estimated a 
15,000 to 72,000 and the lethal dose for a guinea-pig (of 250 grms ue»g ) 

IS 0 0001 ragm (Pappcnhcimer). 

T'lxic bodies hA»e also been obtained from tfic tissues of those who have 
diphtheria Koux and Yersm. b)' using a fittertd watery extract from the 
very virulent (..ascs of diphtheria, produced in ammats death after wasting an p : • 
and also obtained similar results by emplojnng the urine 

Variations in Virulence and in Toxin Production. 1 he distinction bebi een 
YiTuIcuce — ^the power to invade the tissues and produce 
faculty of to.xin production by cultures tn vitro has already been 
(p 54) , ft IS well illustrated in the case of C diphtherice. q|,(J 

tests of virulence known quantities of bacilli from a young 
medium should be used for injecting a guinea-pig, as in the 

presence of variable amounts of toxin modifies the result . ^ 

amount of culture necessary to produce death of a guinea-pig, d ^ 
that all degrees of virulence arc met with among strains iresnl} 
from cases of diphthena and carriers ; and non- virulent 
in earners The virulence of a given strain, moreover, is ^ ^ 

tained m culture A certain falling off has sometimes ° increase 
time Further, unlike what obtains trith other organisms, ntt e o 
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of virulence can be produced by means of passage. It is now generally 
accepted that ^^^ulence is a relatively stable propertj*. In the usual sul> 
cutaneous te^t for virulence, a whole growth on a senim slope culture is 
used, and either death of the animal or no pathogenic effect results. Some 
non-virulent strains have been found, however, to produce a small amount of 
to.Nin in media or to give rise to a small amount of antitovin on injection 
These facts indicate that all gradations occur, and suggest that the non- 
virulent organisms belong to the same species as the virulent. 

A certain correspondence exists between Wrulence and toxin production, 
inasmuch as every virulent strain produces toxin , but the two properties do 
not run in a parallel manner, as some Strains of moderate xinilence are very 
acti\ e in toxin production. As has been mentioned earlier, in the prepara- 
tion of antitoxin the obtaining of a very powerful toxin is necessary, and 
for this purpose many strains may have to be tested before a satisfactory 
toxin producer is obtained. The strain obtained by Park and Williams manj’ 
years ago, known as No 8, has been used very extensively all over the world 
and is noted for its properties in this respect. This is an illustration of the 
well-recognised fact that the power of toxin production usually remains un- 
changed for a long penod in conditions of artificial cultivation ; this strain, 
however, is not highly virulent 

Cultures derived originally from a single diphtheria bacillus have yielded 
both virulent and non-virulcnt strains, and Cowan has isolated from a 
virulent culture, by repeated plating, colonics of ' rough ’ type consisting of 
organisms which were non-vinilent and did not produce toxin Also the 
obserx’ations made by Okell on xarulcnt and avirulent strains isolated 
from the same patient and from different patients m the same epidemic 
suggest that ui tivo virulent bacilli may occasionally jn'cld non-virulent vari- 
ants This may explain the finding of non-viniicnt strains in carriers, 
but the original idea of Ko'iix and Yersin that after an attack of diplitheria 
the bacilli in the throat gradually became attenuated and ultimately non- 
virulcnt has not been substantiated It should be noted that the transforma- 
tion of a non-virulent into a \milent strain has not been observed It has 
been stated that the diphthcna bacilli recovered from cases in w Inch antitoxin 
treatment has failed, arc characterised by their high virulence 

The stgiiificaiice of the biohgteal types of ike diphtheria bacillus When 
the gravis and types were first distinginshcd it was pointed out that a 
high correlation existed between the clinical severity of the disease and the 
cultural t>'pe, the gravis form being associated with cases of diphthcna of 
unusual seventy, which exhibited a relative refractonness to antitoxin 
treatment The Leeds workers found that 95 per cent, of strains belonged to 
these t^Tpes, though a small percentage were classified as ' intermediate ’ 
Later studies have all shown that this intermedius form occupies a xery 
prominent position among the three tj-pcs (Robinson and JIarshall , Wnght 
and Clmsti«on , Carter , Murray , Cooi>er d al ) Tlic mam characters on 
which differentiation has Iwcn based arc the colony fe.rturcs {tide p 220) and 
tlic fermentation of j>ol\s.acch3ndcs. eg starch, the gravis type fcnncnting 
this siil>btancc, while the mills and irJermedtus arc inactive It is uiincccssarv 
here to refer to the various other differential features, but it h.islxfii cjnph.i- 
sisctl th.it m Great Bntain virulence for animals is a very constant character 
of the griieiJ strains . the iftlermeJius arc xaniicnt with few c.xceplions , the 
uii/is strains arc iisu.-ilK v indent but vary* in this resiwct In addition to the 
origin.il tyjx-b. \\ right and Cbnstison Ime described tliree others .all 
exhibiting gnrtis form of colony but diflcrmthitid according to starch 
fermentation and vinileiice. and suggest a numerical dciiommalion of t\f>cs 
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type plays no part in the spread of the disease, and that individuals harbour- 
ing it are not a danger to the community. Moss, Guthrie and Marshall have 
found that the carrier state (without pa'thogenic effects) is easily produced 
by inoculating the throat of healthy persons with non-virulent diphthena 
bacilli. Prior administration of antitoxin did not prevent the develop- 
ment of the bacilli in the throat. The carrier state so produced tended to 
persist and there was no evddencc of any change in the characters of the 
organisms, which remained non-virulent. Further, no cases of clinical 
diphtheria occurred among the associates of such carriers. ' These workers 
have also recorded experiments in which Schick-positivc and -negative 
persons [vide tnjra) were inoculated with a virulent culture of the diphtheria 
bacillus , typical clinical diphtheria resulted in the positive reactors, whereas 
the negative reactors became carriers without showing clinical effects. As a 
rule, chronic carriers give a negative Schick reaction, that is, are immune. 
In the investigation of healthy contact carriers the Schick test accordingly 
adds valuable information when a suspicious organism has been cultivated 
from the fauces. Thus, if the suspected carrier is Schick-positive, i.e. non- 
immund, the organism is likelj* to be non-viruicnt. 

In one or two e.\ceptionaI instances diphtheria bacilli have been obtained 
from the lower animals, e.g. cow and horse, but there is no evidence that 
animal infection plays any part in the spread of the human disease. It may 
also be added that the so-called ‘ diphtheritic ’ diseases of ani^Is ar6 due to 
quite different organisms 

Immunity. This has been discussed in the general chapter on Immunity^ 
It is sufficient to state here that, as first she ' " 

immunity, against both the baciUi and their . 

animals by gradually increasing ddses ei . . 

separated toxin (or toxoid). As a result of the immunisation, antito.nn 
appears in the serum, and this is capable of protecting animals either against 
infection rvith diphtheria bacihi or against their to.xin. It also has a curatite 
effect in animals which are already the subjects either of infection or intoxica- 
tion. The production and standardisation of diphtheria antitoxin lor 
medical use are dealt with in (Chapter HI. 

Reference has been made (p. 83) to the fact that in a certain proper w 
of horses in the natural state antitoxin is present in the blood, and a 
statement also holds with regard to the human subject. The presence o 
antitoxin is shoivn by mixing a certain amount of the'serum 
quantity of toxin and injecting some of the mixture intracutaneously 
guinea-pig (Romer’s test) , an injection of the same amount ^ g 

is made at another spot as a control. The application of . nt 

important knowledge ivith regard to the presence of antito.xm a i 
ages, but for practical purposes it has been superseded^by the 
which may now be described. Tlic presence of -tij ^ ? ^rstprtion 

per c c. of serum is probably sufficient to afford the indindua pr ^ 


against infection. . . i. „ 

Schick Test. This test depends upon the fact that 
amount of diphtheria toxin is jntroduc^ into the skin an m 
reaction results, provided that insufficient antito.xin is presen i , ^ 

to neutralise the effects. As has just been stated, however, e 
certain number of individuals, contains a small though suincie ^gative. 
antitoxin, and in these the reaction does not occur— -the of 

The presence of antitoxin in the blood is attended cer 
immunity, and thus the test gives an indication of the The 

immunity, according as the result is negative or positive respe 



DIPHTHERIA BACILLUS AND ALLIED ORGANISMS 231 

amount of toxin injected is of importance ; it should be sufficient to ensure a 
positive reaction in an individual without antitoxin, and it should not be 
m excess of the amount neutralised by the antitoxin supposed to be associated 
ttith immunity.^ The dose of toxin used is that amount which is just neutral' 
ised by roVri unit of antitoxin, as tested by intracutaneous injection in a 
normal guinea-pig. For the purpose an old toxin preparation is usually 
selected in which some of the toxin has undergone alteration to toxoid, and 
this is diluted with a buffer solution - so that 0-2 c.c of the dilution contains 
the test -dose. This buffered preparation can be kept for some time without 
deterioration. (The ‘ test-dose ' of toxin must contain sufficient toxin to 
ensure that when ^ of this amount is injected intracutaneously into a normal 
guinea-pig a definite local inflammatory reaction results, while ^ of the test- 
dose must not cause such a reaction ) Occasionally there occur pseudo- 
reactions due to supersensitiveness or allergy towards certain substances 
other than the toxin in the filtrate, this allergy being met with alike in 
immune and non-immune subjects • however, a marked pseudo-reaction 15 
usually associated with a relatively high content of antito.xm in the blood 
Diphtheria toxin is readily destroyed by healing, whereas the substances 
leading to pseudo-reactions are not. A similar preparation containing the 
same concentration of to.xin heated to TO^C. orliigher for at least five minutes 
can thus be used as a control, and of course any effect produced by it will be 
of the nature of a pseudo-reaction, that is, will not be due to the true toxin. 
Test and control preparations for canynng out this test are now supplied 
commercially. 

The test is made by intracutaneous injection on the flexor aspect of 
the forearm, one arm being used for the toxin, the other for the heated 
toxin as a control In the case of a positive reaction (m a non-immune 
individual \nthout pseudo-reaction) an area of rcdne&s and sliglit swelling 
appears after twenty-four to forty-eight hours, and reaches its maximum 
about the fourth day, when it may measure up to 2 cm. or more m diameter 
It persists for se\en days and then gradually fades, becoming brownish in 
tint, and there is usually some desquamation of the surface epithelium The 
control injection on the other arm is, of course, attended by no result If the 
reaction is negative, no change follows at the site of injection of the diluted 
toxin, the condition of the two arms being similar 

A pseudo-reaction is indicated also by an area of redness, but it appears 
earlier, often after six hours, is less intense and less definite at its margins 
than the positive .... r . 1 

If It IS associated 

on the two arms . , , ■ ■ 

unheated toxin will be more marked and persist longer than tlic reaction on 
tlic control arm The difference is, as a nilc, specially marked on the fourth 
to seventh day. when the reading should be taken , a positive reaction is 
then still present, w hile a pseudo-reaction hascomplclelv or almost completely 
faded IVcudo-rcactions are most fre<iucntly met with in jKrsons over six 
>cars of age. and in them a control is alisolutcly necessary 

Extensive sencs of observations at different jx-ruxls of life have l>cen 
carried out b> the Kumcr and by the fkhick mcliiod, and the results corre- 
sjxind on the vs hole fairlv clo-elv It nm be said that, at the time of lurtli, 
the scrum of bO jKr cent of children contains antitoxin, and thus thev give 

• Tkr Tktraf'fulif ''ul'iUxfei RffuUtiont ptrM.nbc Ihe standards of potency of the 
test-^losc of toxin to l>c u«xl tn Ihe lest 

• The solution coni iins l>nnx, Umc »ciJ an<t siKlium clilon<te lAith VVjttr’s peptone 
or human s^rum as a stabih«-r 
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a negative Schick reaction, that thU projjortion falls for a year or two. at 
first rapidly, and that then there is a gradual rise until in adult J;/e the 
original level is reached. The age of maximum susceptibility may be said to 
be from ten months to six years. It is generally agreed that the presence of 
antitoxin in the infant represents a passive immunity transferred from the 
mother, Jiencc the percentages of inathcrs and of infants whose scrum con- 
tains antito.vin correspond, ft is of interest that such passive immunity 
persists for several months after birth, as compared with the very short 
duration of passive immunity produced by injecting an antitoxic serum from 
an animal. In the former case the antilKMly H ^ homologous protein ; in the 
latter heterologous, and therefore more rapidl)' eliminated from the system. 
The gradual diminution of the number of Schick-posifivc reactors after the 
si.vth year is supposed to be due to a process of active immunisation occur- 
ring as the result of the individuals barlwuriug diphtheria bacilli and of slight 
infections by the organism. This, however, may not be the complete explana- 
tion. since observations on isolated communities have indicated that although 
diphtheria infection is absent, the proportion of Schick-negative reactions 
increases with age much as in the large communities in which diphtheria is a 
prevalent rliscase. Accordingly the possibility must lie considered tliat there 
\s a natural or physiological development of diphtheria antitoxin as is the 
case until certain otlicr ' natural ’ antibodies. U is tnie. however, that as a 
general rule the percentage of Scluck-positive reactors is greater in rural than 
urban communities and in children of (he higher social classes than among 
tliose who lead a Jess ' sheltered ' life and are more exposed to herd infection. 

PROi’UVLACTtc iMMustSATios. Tlus was originally carried out b) 
active immunisation uith a small amount of to.xin partl>’ neutralised by 
antitoxin, the amount of the mixture used for injection (r g, 1 c.c.) being oi»y 
slightly toxic to a guinea-pig The method was applied on a large scale by 
Fark, Zingher, and others, and the results proved distinctly favouraoie. 
Three consecutive injections were given with an interval of a week bet'vjen, 
and the immunisation was recommended to be carried out in 5 'oung child^n 
from about a year old, so as to give protection during the highly susceptible 
period of life Immunity, as shown by' a previously positive Schick reaction 
becoming negative, dcvclojicd somewhat slowly, but in 90 per cent, of t e 
cases the reaction became negative after three months _ Observations '^efe 
originally carried out on 200,000 school children in America ; half of hese 
were tested for the Schick reaction, and those giving a positive reaction \ver 
immunised, the other half were used as controls. The result was i 
amongst the controls the number of cases of diphtheaa which 
five times as great as amongst tliosc tested and treated. Fiirther, a 
severe cases occurred amongst the controls (sec Park and ^^lUia^ls). 

It must be noted m connection with the Schick test 
immunity that the reactivity of the skin of different individuals to 
may show considerable variation. Accordingly, among persons w ° 
received any form of diphtheria prophylactic, one may react j 

although his serum contains less antitoxin than that of another u 
reacts positively . g 

Immtinisation wtth ioxoid. More recently for ° also 

munisation use has been made of the toxoid introduced by 1 \ Yitjieria 
called anatoxin, which results from the action of formahn on 
toxin Toxin is converted to toxoid by the addition of product M 

and keeping the preparation for three weeks at 37° C- The n , 
controlled by injecting 5 c c. subcutaneoiKly into a gumea-pig a found, 

ing in this way that it is non-toxic Glenny and his co-wor 'e 
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however, that on account of its rapid elunination, toxoid does not provide a 
continuous stimulus, but when it is converted into a relatively insoluble 
precipitate a more effective antigenic action is secured This may be done 
by precipitation of the toxoid with potash alum , a similar effect is obtained 
by using the floccules which result when toxoid is mixed with antitoxin 

Various preparations of tox-oid have been applied practically for prophy- 
laxis (1) the original formol-toxoid (F.T) , (2) alum-precipitated toxoid 
made up in the form of a suspension (APT); (3) toxoid-antitoxin mixture 
(T A M ) containing toxoid partially neutralised by antitoxin, and (4) toxoid- 
antitoxin floccules (T A F ), a suspension of the flocculent precipitate pro- 
duced when toxoid and antitoxin are mixed in neutralising proportions ‘ 
Formol-toxoid and alum-toxoid hax'O a tendency' to cause troublesome local 
and general reactions when administered to older children (over six years of 
age) and adults. This can be predicted in the individual case by a pre- 
liminary test originally advocated by Moloney' and Fraser — -the ' Moloney 
test ' — in which a minute amount of the toxoid is injected intradcrmally at 
the same time as the preliminary Schick test is carnod out. The occurrence 
of a local skin reaction indicates that the individual is sensitix e, and if so the 
dosage of the prophylactic should be reduced or an altematixe preparation 
emploved. Both the toxoid-antiloxm mixture and the toxoid-antitoxin 
floccules are much less likely to produce these reactions Of these the latter 
(T A F ) IS the more effective antigen and should in fact be used m preference 
to ordinary toxoid or alum-prccipUated toxoid m older children and adults, 
especially if a preliminary test with toxoid reveals sensitiveness This pro- 
phylactic IS, however, more difficult to prepare and is somewhat more costly 

In recent years immunisation has usually been earned out with only two 
of the«e preparations alum-precipitated toxoid for young children and 
toxoid-antitoxin floccules for older children and adults Two doses of alum* 
precipitated toxoid (50 Lf doses per c.c.) arc usually given at an interval of 
four weeks , Olcc (or02cc) and 0 5 c c of the standard preparations , in 
the case of toxoid-antitoxm floccules three doses should be administered at 
inters als of four weeks, m each case 1 c c of the standard preparations The 
doses of these prophylactics arc administered bv intramuscular injection in 
the upper arm The most suitable age for immunising children is from the 
eighth to the tenth month of life. Immunisation should be repeated when 
the child first enters school — a ' boosting ’ dose of 0 2 c c alum-jirccipitated 
toxoi*’ ' • •• - . , . , , , •> > 

by a • 
l>een 
week‘ 

three to si\ months after immunisation, 4 j>er cent gave a positive reaction 
after two tears and 18 per cent, after six y^ars (Duke and Stott) Recently, 
as a rcMilt of experimental and clinical observations, the use of a larger 
first dose of aliim-precipitatcd toxoid in infancy has l)een recommcntlcd. 
vi:. II r> c c , followcil by a similar amount after an interval of tliree to six 
months , also a dose of 0 2 cc. in the third year as well as on beginning 
scIkkvI (see Parish, 1917). 

.\cti\e immunisation with toxoid has been found highly effective in 
controlling the incidence of diphtheria and more p-irticularly the mortality 
from the disease. It does not appear tliat as a result of activ c immunisation 
a general increase of the earner rate in the community is to b<* expected. 

> Tkr Tkeraf'eittii Suhtlamttt Hfgulalioni presentje tells which ensure that com- 
cnetcnl suj'j'lies of ' Piphtherla IXirphjlacUc ' (toxin antUnxin. toxonl etc ) shall not 
Lx- too toxic nml at the Mine time »bs1l efficient immunising pr<ii>crties 
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XHnKAi’EUTic ErrncTS of DiPHTircuiA Antitoxin. Tlie use of anti- 
toxin for the prevention and treatment of diplithcria constituted the 
first great contribution of liactcriblogy to practical therapeutics. Soon aftw 
its introduction in 1891 Roux and his co-workcrs published strong clinical 
evidence of llie value of antitoxin ’ Pibiger in 1893 reported a series of cases 
over a period of a j’car, those admitted on alternate days being treated inth 
and without antito.xin. Of two hundred and thirty-nine patients who 
received antitoxin cigJit died (3-3 per cent.), while of two hundred and 
forty-five who did not receive it thirty died (I2'2 per cent.) ; statistically 
• -r , • f;ivotir of antito.xin treatment. The 


■ • tlic greater is the mortality from the 

is clinically suspect antitoxin should 
be administered as soon as possible and without waiting until the bacterio- 
logical diagnosis is established. For treatment of the disease the practice as 
to method of administration and dosage still varies, but larger doses are now 
given than formerly, and it is generally recognised that the best routes of 
injection are the intramuscular and intravenous. The former is the more 
convenient, but the latter gives the more rapid distribution of antitoxin 
throughout the body and is thus more effective. Further, the longer treat- 
ment has been delayed or the severer the disease, the more is the intravenous^ 
method to be preferred and the larger should be the dose. Subcutaneous 
injection is much less efficient, as the absorption of antito.xin into the circula- 
tion takes place relatively slowly. Some authorities give the antito-xin in a 
single dose, others in two or more doses. Theoretically, there ap/iears to w 
no advantage in the latter method, as a single dose trill keep the antitoxin 
content of the blood during the disease at a level more than sufficient to 
neutralise the toxin , nevertheless, some maintain that administration in 
more than one dose has an advantage. The dose, of course, x’aries also ‘ 
mg to the age of the patient, but for a child is proportionatel}riarger than w 
an adult Wc may say that the average dosage recommended is, tor a 
infant, 2,000 to 10,000 units, varying according to the principles 
above, and for an adult, 0,000 to 50.000 units. The practice of some clinicians 
is to give even larger amounts. Thus in cases with extensive false 
Bie recommended the injection of the scnim by both intravenous an • 
muscular routes, for a child under ten years of ago an_ initial dose ot . 
units being given (a quarter to a third of xvhich nas injected ' 

followed at intervals of twelve to twenty-four hours by two c been 

muscular doses, the total amounting to 160,000 units or more. ^ j 
claimed that m very severe cases the results of treatment are muc t p 
by such dosage. Without stating the details required for an a .• 
cussion of the results of antito.xin treatment, it may be said tna 
obtained from all parts of the world afford convincing fp„;oti 

and this is reflected in the practically univcr^l belief of the ? cannot 

in its efficiency. It must be borne in mind that diphtheria anti . jp 
influence any superadded mixed infection, ^.g. 'vith pyogenic 
recent years there has occurred with increased frequency a 

diphtheria which responds poorlj’ to antito.xin treatment Acc 

obserx-ations of Anderson, Happold, McLeod and bacillus, 

intractable cases are due to infections with the gravis form o . jnto 
Antibacterial Antibodies. As with other organisms, Jves rise to 
animals of B. diphthmev itself in the Imng or dead j 'g^gte Some 

antibacterial substances — agglutinins, complement-fixmg o disintegration 
of these may be present in antitoxic sera, due to the presence j^ntitoxm ; 
products of the bacilli in the culture fluid used for prepan g 
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but there is no e\idence that such substances play any part in the therapeutic 
effects of the antitoxic serum. 

Serological Types. It is now cleat that,diphtheria baciUi present con- 
siderable heterogeneity as regards their serological reactions and antigenic 
constitution. On the other hand, all strains yield the same serological tj^pc of 
toxin. The serology of the organisms, as apart from their toxins, has been 
studied mainly by agglutination tests with antisera, and recently particular 
attention has been paid to the reactions of strains classified in the first place as 
gravis, tiiilts, and tntermedius. Agglutination tests are complicated by the 
difficulty of obtaining uniform suspensions of the organisms and special 
methods have been adopted to o\’ercome this difficulty. A convenient pro- 
cedure is to emulsify growths from LofRer's serum medium in T5 per cent, 
sodium chlonde and to malce the senim dilutions also in 1*5 per cent saline 
(Keogh H al . ; Wright, 1910) Agglutination occurs slowly, and results are 
read after twenty-four hours at 55® C. , the floccules. are fine but persist on 
shaking. The results show that even within the types gravis, mitis, and tnler- 
medtus there is serological heterogeneity Orr-Ewing, and Robinson and 
Peeney have recognised by agglutinin-absorption tests five subt>’pcs of the 
gram form. One of these is the dominant type in Great Britain. Robinson 
and Pccney point out that a strain may vaiy in colony form and starch- 


i. ■ ■ ' J 5 P * • r . I' 5 ' »'•' ■ as. 

It IS now recognised that the diphthena bacillus is a member of a group 
of organisms with closely related characters, which arc of common occurrence 
and have a wide distnbution as commensals of the skin and mucous mem- 
branes of man and the lower animals, and include also specific pathogens 
of animals This group corresponds wth the genus Corynebacteniim of 
the Association of American Bacteriologists, and its characterisation as 
mcKlificd by a Committee of the Medical Research Council may be stated 
as fo!Io\N-s . 

‘ Gram-positive rod-likc forms, arranged usually m a palisade, not acid- 
fast. often with club-shaped svscllings at the poles, generally with irregularly 
stained segments or granules, non-motile, without endospore formation, 
growing aerobically or under micro-acrophiUc conditions, but often capable of 
anaerobic cultivation, never forming gas in carbohydrate media, in whicli 
they may or may not proilvicc acidit> , they may or may not liquefy gelatin 
or scrum ' 

Members of the genus Coryiielactertifm other than the diplithcna bacillus 
arc usually known in this country’ as ’diphtheroids' These ha\c been 
obtaincil from the moutli, car. nose, skin, genital organs, and c%en from the 
blood m certain conditions. They arc met with in conditions of health, and 
they ha\c Ix'cn obtained from many’ <li\*crsc morbid states — from skin 
diseases, coryza, leprosy, infected wounds, and even from general parahsis 
. ■ ■ , • bacillus — 

■ ’ the diffcr- 

I ■ ■ ly identical 

witli the «hphthena banllus Unh morpliologiraUv .ind culturally, and give 
the charartenstic reaction with Ncisscr's stain . others, again, differ in 
rsvntial jiarticulars Tlu fermintalno action on sijf;.irs Ii.is also l>oen 
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utilised as a means of distin^ishing them ; thus the absence of the power of 
fermenting glucose or the presence of capacity to ferment saccharose may be 
accepted as sufficient to exclude the organism from being the diphthena 
bacillus Certain species of diphtheroids produce pseudo-tuberculosis in 
sheep and mice, ulcerative lymiphangitis of horses, and pyogenic lesions in 
cattle and pigs : but in general the diphtheroids obtained from the human 
body are not responsible for any specific pathogenic effects. Further, cultures 
of these organisms are as a rule quite non-virulent when tested by inoculation 
of guinea-pigs. - ■ 

Cases have been recorded, however, in which diphtheroid bacilli have 
been specifically associated with disease m the human subject. Gilbert and 
Stewart have described three outbreaks of throat infection, apparently mflk- 
borne, traced to earners of a diphtheroid bacillus designated * Corynehaderium 
ulcerous Schultz ei al. have reported a case of meningitis due to a diph- 
theroid bacillus {' Corynebactertum farvulum Lominski has dravm 
attention to the occasional occurrence of diphtheroid bacilli in pure culture 
m the pus of closed suppurative lesions of the finger-pulp (unpublished 
obser\'ations). 

Barratt has described a group of ‘ diphtheria-like ' organisms isolated 
from the human naso-pharynx which, while resembling the diphtheria 
bacillus, differ from it in certain features and particularly their capacity to 
liquefy gelatin They would appear to have some biological relationsWp to 
the Preisz-Nocard bacillus, the organism of pseudo-tuberculosis and caseous 
lymphadenitis of sheep (vide tnjra). Those organisms are virulent to guinea- 
pigs but their effects are not neutralised, or only partially so, by diphthena 
antitoxin They differ also from the diphtheria bacillus in being pathogenic 
to rats ' ' 

Reference is made later to the classification of the diphtheroid organisms 
and an account is given of the characters of certain well-defined types 

From what has been said it will be clear that'the scientific differentia lo 
of the diphtheria organism may be a matter.of some difficulty, ^^lfh 
to the rules for practical guidance, however, there is general agreement 
the two following In the first place, in cases of suspected diphthena 
obtaining of a bacillus in a serum culture from the throat, which has ^ 
morphological and staining characters of the diphtheria 
accepted as a positive rqsult for all pracrical purposes. And. j ip 

will agree that a similar rule should hold in the first instance wth 
bacilli obtained from the throats of immediate contacts In ww, ^ ' 

of the fact that ‘ diphtheria-Uke ' bacilli without virulence are presen . 
throats of some healthy individuals; and may also be ^ ^"rarrier 

virulent bacilli in cases of diphtheria, no one should be to 

dangerous to the community, unless the organism in question is P 
possess virulence. Such a rule rests on the assumption that qm e 
bacilli do not give rise to infection and the results of the pla^, a 

ence of numerous observers support such a view. In mth or 

‘ diphtheria-like ' bacillus obtained from another part ° /'ho^ygvef 

without a lesion, should not be accepted as etiologically signi ca . ’ 
closely it resembles the diphtheria bacillus, unless it is aviruleot 

, to produce the characteristic results' On the other -pholotocal, 

organism corresponding fully with the diphtheria bacillus in its an 

cultural, and fermentative character is meanwhile to be reg 
avirulent diphtheria bacillus . niasnosis by 

Bacteriological Diagnosis. («) Microscopic be lustifi^^ 

direct microscopic examination is not advisable, although it m > 
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in cases of urgency when practised by an experienced observer In some cases 
the bacilli are present in characteristic fonn in such numbers as to leave no 
doubt in the matter. For the purpose films are made from a throat swab, or 
preferably a piece of membrane if obtainable, and stained %vith methylene 
blue and by Neisser’s method 

(6) CulHvatton. The usual routine method is to make cultures from a 


detach if possible some of the actual exudate , otherwise it should be thor- 
oughly applied to the tonsils and pharyuix in such a way as to soak it in the 
secretion. Where diphtheritic membrane ts present the most satisfactory 
method is to pick off a "fragment with forceps and use it for inoculating the 
culture medium, but m general, swabs if properly used yield satisfactory 
results in cases of diphthena It is undesirable that much time should elapse 
between the taking of the swab and the making of cultures , and the drving 
of the swab owing to delay in transmission to a laboratory may be prejudicial 
to a diagnostic result Two methods of cultivation may be adopted and the 
best results are obtained by combining them ; making cultures on Loffler’s 
scrum medium in tubes or screw-capped vials . and plate cultivation on 
a blood tellurite medium, so that separate colonies of the diphtheria bacillus 
and other viable organisms can be obtained and their characters examined 
(1) The swab is introduced into the tube of Loffler’s medium, moistened 
m the condensation fluid and then smeared over the surface of the senim, 
being rotated several times in the process. The culture is incubated at 
37® C and examined microscopically after eighteen to twenty-four hours 
In urgent cases an earlier examination may be carried out. eg. after sl\ to 
twelve hours A representative sample of the whole growth is obtained by 
rubbing a wire loop over the surface , films are made from this and stained 
by methylene blue and by Neisscr’s method or a suitable modification of 
this procedure. Sometimes, when the result is negative, a further period of 
incubation for twenty-four hours leads to the organisms being found In 
clinically suspicious cases a single negative result should not be accepted, but 
further cultures should be made 

Loffler’s serum presents the double advantage over agar that in a 
mixed culture, such as practically always results from throat swabs, the 
diphthena bacilli, owing to their ready growth on this medium, are less hkcly 
to be overgrown by other org.unsms, and in cultures incubated for less 
than twenty-four hours diphthena bac ” 
common throat diphtheroid, Hofmann’s t 
when stained with methylene blue or by *• 

Nrissor’s stam is undoubttdly an important anxiiiary in the rccoRnttion of the 
diphtheria Iwcillus, but the results of its use arc to be interpreted with caution D.irk!> 
staininR pranules arc not peculiar to the iliphthena bacillus Some cocci, often inp a 
nictachromatic reaction "ith mctb>Ienc blue, may he stained deeply , and other bacilli 
may contain such granules A not uncommon orpamsm with such a character occumnu 
in the throat is a itrcptobacillus with square ends, it has no resemblance to the diph- 
theria IwciHus in a tnethjlenc blue preparation, but when stained by Ncisser a mcth'nl 
may give an appearance scry like that organism On the other hand, a culture of 
Hofmann's pvudo diphtheria bacillus reacts negatiipcl) with Nrlsscr's at.am at most a 
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a Neisscr-stained preparation. I* *•“ ‘ 

svith Ncisscr’s staining and in sut 
for washing the preparations. 

The presence of organisms with the ciiaractcristic microscopic appear- 
ances and staining reactions in a case presenting the clinical features of 
diphtheria, may be taken as a nositiv'* y » • - • 


- uuCiui uoes not necessarily exclude 
uspntnena and that their presence does not in all cases connote ' clinical 
diphtheria In the case of an organism obtained from a suspected carrier or 
from lesions in parts other tlian the fauces or laryn.v, the organism ought to be 
isolated and further tests applied. 

(2) Since cultivation on Ldfllcr's senim and identification by micro- 
scopic characters does not provide uniformly sarisfactorj' results, it is now 
customary to make at the same time cultures on a tellurite medium which, 
as is generally agreed, may lead to the demonstration of the diphtheria 
bacillus when negative results arc obtained by the former method ; and this 
IS particularly true for the gravts type. The organisms may be identified by 
their colony characters, and the grans, miri's, and inlmnedius types dificrenti- 
ated Also, the tcllunlc medium much more readily >'iclds isolated colonics 
of the diphtheria bacillus from which pure cultures can be obtained for further 
tests, eg sugar reactions and the virulence test. The two methods used 
concurrently serve as a check on one anotiicr and increase the rcliabilitvof 
diagnostic work It mus^ — ... 

not usually demonstrable ' 

case Ncisser's staining m ^ 

tcUunte inhibits many otuci iiaoat organisms, diphtheroid bacilli are able 
to grow and must be carefully distinguished from the diphtheria bacillus 
McLeod’s ongmal blood tellurite medium, as well as others, contains heated 
blood, and it has been found that certain strains both of mill's and gravis 
types are inhibited under tlicsc conditions, although they uilt grow in the 
presence of unheated blood. Accordingly, unheated blood is preferable for 
such media, e g Hoyle's. For the best differentiation of colony types 
according to Johnstone and Zinnemann tJie medium should contain unheated 
blood along with the low-tcnipcrature meat extract of McLeod For the 
simple purpose of isolation, Morgan and Jfarshall’s medium is valuable 

The following is a descnptioii of results obtamed with Hoyle’s medium, wluch 
visible growths even in twelve hours, though eighteen or twenty-four hours iocuba 
is usually necessary before the colony characters become distmctu'c; in „ 

longer incubation may be required The appearances noted are those _ ,, 

twenty-four to fortj -eight hours' incubatin'* '*■ - ‘ j 


. .. .lov SHOW uistinctly the image of the lamp . the appear _ 

be of the daisy-head type or more frequently the periphery is irregular, 
raised and radial stnatioiia are obscrvei! but sometimes convex hr the 

seen, ■ *’ 
inocul 
shown 

outline . type *• ' * 

exceeding 2 mm in diameter, « 

usually convex or domed in *' “ • . '' 

bacilli colonies are usually more glistening than luysv ui — • eurface, the 

under the plate cnlture microscope and by reflected light, show a , jijack 

image of the illuminant being often sharply seen on the colony ; colour g 


tence. tne coiony is . 

3lour. consistence, and sire 
but convex ard h.v.nr ■' P^lertW 
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to greyish-white, but the slate-grey of the ^«iii is rarely seen , in consistence, sometimes 
tough or mucoid The above descnptions must be regarded only as a guide, and it has 
to be emphasised that there may be wide variation in the physical characters of coloniev. 
depending on the strain of organism and differences in medium, e g its moisture, time 
dunng which it has been Kept before use, details in the method of preparation, etc. 

When the suspected diphthena bacillus has been isolated its fermentative 
properties should be determined, glucose and saccharose being used, also 
starch for identification of the gravis type. If the results correspond with 


case of absence of fermentation it is important to make sure that growth has 
occurred in the medium ) 

(c) Virulence lest. For the subcutaneous method, the bacillus in question 
should be grown on a serum slope , the whole of the growth is scraped off and 
suspended in broth and then injected subcutaneously into a guinea-pig of 
250 to 300 grms weight. If the organism is B. diphthertec the animal wall 
die with the characteristic appearances (p 224). It is advisable, by way of 
control, to make at the same time a similar injection into a guinea-pig which 
has been protected by an intraperitoneal injection, on the previous day, of 
500 units of diphtheria antitoxin. The protected animal should show 
no signs of illness The tnlracttlaneous method is now generally used, as 
a number of tests can be made on the same animal. The procedure is ns 
follows. Two normal white guinea-pigs of 400 grms weight arc selected , 
one of them is passively immunised on the day before the test by an intra- 
pcritoneal injection of 1 ,000 units of diphtheria antitoxin They are depilated 
on the abdomen, then an intracutaneous injection is made into each animal 
of 0*2 c c of a suspension of a pure eighteen to twenty-four hours' culture on 
Loffler’s serum, whicli has been dilut^ till its opacity corresponds to about 
500 million organisms per c.c In this way a series of cultures may be tested 
on one pair of animals, but the injections should be at least 1 inch apart 
About SIX hours after the injections the unprotected animal should receive 
.1 ‘ folloMing dose ’ of 125 units of antitoxin mtrapentoneally in order to 
prevent its death from toxfcmia due to virulent cultures , tins dose of anti- 
toxin docs not interfere uith the development of local reactions The results 
are best read after forty-eight to seventy-two hours A \irulent culture 
causes at the site of injection a small inflammator)' jiatch about 15 mm in 


difiicult to obtain a pure culture, what is called the ' immediate or ‘ crude 
virulence test may be applied In this case the wliole of an imjnire «^nim 
culture containing the organism ma\ be injected subcutaneously, or a j>ortion 
nia\ Iw used by the intracutaneous method As death may l>e produced b\ 
other organisms if present, care must be taken to ascertain that the < harac ter 
i->lic effects of li iuphiheria arc jirodurcd, and it is essential to u«e another 
animal treated with antitoxin as a control 

THE DIPHTHEROID BACILLI 

Ihc gcncr.il aj^plieation of this designation has already Ik-co cxjilainixl 
and the differ< nlMtioii of the diphtheria ludlUis from such dijihtiurnid 
organisms h.is l>ecn de.iU with. Vmong these organi'ms certain sprrn-s 



240 DIPHTHERIA BACILLUS AND ALLIED ORGANISMS 

stand out with well-defined and fairly uniform characters , some are specific 
agents of certain animal diseases and both their biological and pathogenic 
properties can be clearly determined. But apart from these, many other 
types of diphtheroid bacilli are met with and attempts have been made to 
classify them into sub-groups. Results of this ^vork, so far, have not been 
altogether satisfattory. Morphology shows great variation ; metachromatic 
granules may, or may not, be characteristic ; colony characters vary ; occa- 
sional strains show chromogenesis — ^yellow, orange, brown, pink ; fermenta- 
tive reactions also show differences It cannot be said that any classification 
based on these criteria has proved of practical significance and it is unneces- 
sary to detail here the classi/ications that hai'e been put fonrard by different 
workers (The earlier work on this subject is reviewed in A System oj Bactert- 
ofogy. Medical Research Coundl, 1930. Vol 5, p Recently, Braj’ has 

studied the question further and has utilised an additional criterion, the 
phosphatase reaction where the organism is grown for twenty-four hours on 
a phenolphthalein phosphate medium. Many diphtheroid bacilli h5‘drolyse 

the compound with the production of 

\'arying degrees of colour {eg orange, 
red. pink) ^on e.xposure to ammonia, 
whereas the diphtheria bacillus has 
practically no effect. According to 
colony cliaractcrs on blood agar and 
Hoyle's tellurite medium, fermentation 
reactions and the phosphatase reaction, 
five sub-groups have been suggested 
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Fic J6 Hofmann’^ (pseudo* dipb(beria) 
l>ac]tlus Young agar culture. St.'tined 
uUh carbol-thiomn xl 000. 


that put forward earlier by Barratt 
Further investigation is required h 
establish the practical significance o 
this classification. 

The well-defined species, referred tc 
above, now be described. 
Hofmann’s Bacillus (Corynebactertum hofmanm). This 
senbed by Hofmann m 1^8, is probably the same as one obsen’cd by kc* 
in the previous year, and regarded by him as a species distinct rom 
diphtheria bacillus It is shorter than the diphtheria bacillus 
length) and often shows a somewhat oval shape. WTien stained u 

blue it usually exhibits a single unstained area running across i . ^ 

sometimes there may be more than one (Fig. 3S) A beaded • . j, 

rarely seen, and the characteristic reaction wth Neisser s stain is ^ ^ 
though in old cultures a few granules which stain deeply * -trye. 

found. Involution forms may be produced. It is strongly P 
It grows readily on the same media as the diphtheria baci u . media 
colonies are larger, thicker, and more opaque. On j^ev 

colonies are usually circular, glistening, and smooth wth a . 
centre fading to a thin grey penpherj' ; they are often pr other 

those of the diphtheria bacillus. It does not fonn acid from g relatii el}’ 

sugars, and is non-pathogenic to the guinea-pig. . jjjus. 

easj' matter to distinguish this organism from the diphtnena throat 

Hofmann’s bacillus is of comparatively common ^ been 

in normal as well as diseased conditions, including dipnt c . poorer 
recorded as specially frequent in under-nourished cniiore 
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classes Cobbet found it 157 times in an examination of 692 persons, of 
whom 650 were not suffering from diphtheria. There is no e\idencc that 
Hofmann’s bacillus is pathogenic nor can it be transformed into a \nrulent 
B diphtheria or vice versa, though this was at one time maintained 
by some. 

Bacillus xerosis {Corynehaclerium xerosis) This name has been given to 
an organism first observed by Kuschbert and Neisser m \erosis of the con- 
junctiva. It occurs, however, in many other affections of the conjunctiva 
and also in the normal condition ; m fact, 
it IS a commensal oi the normal con- 
junctiva Morphologically it is practicallv 
similar to the diphtheria baallus (Fig. 39) 
and may show metachromatic granules 
Even in cultures it presents only minor 
differences , however, it grows more slowly 
on scrum, and its colonies are small and 
scaly, have a tough consistence, and a 
somewhat irregular margin It produces 
acid from glucose and also from saccha- 
rose The last property distinguishes 
it from the diphtheria baallus It is 
non-virulent to animals. It is doubtful 
whether it has any pathogenic effect m 
the human subject, though it increases 
in numbers in abnormal states of the 
conjunctiva 

Acne Bacillus {Corynebaclenum acnes). 
also in the comedones a bacillus, generally known as tlie acne bacillus, may 
be found in large numbers The organism was first described by Unna and 
afteiwvards cultivated by Sabouraud It occure m the form of short rods, 



Fic 3a. Xerotts h3cillu» from a >ouDg 
agar culture Stained with metby- 
Icnc blue •< 1 000 


In the pus of acne lesions and 


retains the stain in Gram's method It grows best in the presence of only a 
small quantity of atmospheric oxygen, licing a micro-aeroplulic organism , 
glucose requires to be added to the medium In shake or stab cultures, 
grow th IS at a maximum in a limited zone about half an inrli from the surface 
It can be cultivated, howcicr, by the usual anaerobic methods In the sub- 
stance of glucose agar after three or four days’ incubation at 37° C small 
whitish colonics appear, which when examined under a low magnification 
have a Icnticulatc shajKi It can also be cultivated acrobicallv on a serum or 
blood medium with an acid reaction jpH 6-2 to 6-?) Some ol>.cr\ers have 
obtained surface grow tli on ordinary agar, especially after the organism has 
lx!cn cultivated for some lime under anaerobic conditions It ferments % an- 
ous carlmliydrates, e ^ glucose, maltose, and mannitol Its relation to the 
suppuration m acne has been a m.attcr of dispute, some holding tli.at it is the 
cause ol tlic supjuiTation whilst otlicrs maintain that this is due to ps ogenic 
COCCI The j».ithogcnicity of the organism and its specific rclation‘'hiji to 
acne is exceedingly douhtfiil 

Bacillus pesudo-tubcrculosis ovis— Preisz-Nocard Bacillus {Corynehac- 
tenum otii) This t\7>e of organism is rcsponsihle for caseous Umplndenilis 
of slicep and lattic and ulcerative hmpliaiigitis of horses (p\cuJa-f>irey) 
.\ Miml.ir organism has also l>een found in a pseudo-tulH-rrtilous disc.ise of 
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■mentation. The e o^h?”1 ™ '""«'>Ss, and often “ *™'" 

oso. and Gelatin I'l* 

A h.-en,oIysin which lyset ■ ' ' ■ 


SS=!H“^iS=Sr*S5 


I 


• pyogenes 


^ uc infected experiment?llv' 


\VhiI<»ifJ,r 7““^ almost rorr^i'* n,* out IS usuaJlv 

colonies on media containing 

also liquefied^ produce small pits of 

StT lactose, and m-tlMci^ 1— 

I • • ’ • mannitol. 

^ ‘ Rabbits 


. ■ 1 pi’iemic 

scp^iiaiea trom cultures and hnTlSr.'' An e.votoxin can be 

diice necrosis of the skin to be lethal to mice and to pro 

‘"imumsation (L^xellT'"lt' ■ "^ulralising antitoxin can'^be 
; ""J?" mfection bv tliis oralni.m i *' °‘ ‘hat a fatal case of 

(HaWwn et a!.). ' ''as recently been reported in a shepherd 

bactemm ‘'malTand °CoZZZ 'n ‘""''".•'I diseases are Corync- 

associated mth pyeloneSf “‘'‘t Ma-^hant). C. re,, ale is 

escribed above in the absenre . It differs from the other speeies 

serum. In mnrnlmi.^ — .-i hfaefaction of gelatin and coagulated 

icallv dinhth#>rnirl tmfl. 


serum. In morpholouv it le ♦ of gelatin and coagulated 

granules On serum mpHiurr, diphtheroid with metachromatic 

pigmentation Glucose anr? P^^duces moist colonies with yellowish 
hydrates which are cenonlhr* ' fermented, but not the other carbo* 

described in pneumonn of ^^rmentation tests. C. taut has been 

growth and red piPmentaf ° cliaracterised by its abundant viscid 

1 g nentation. Carbohydrates are not fermented. 



CHAPTER VIII 


THE TUBERCLE BACILLUS AND THE COMMENSAL AND 
Si^PROPHYTIC ACID-FAST BACILLI (MYCOBACTERIA) 

The cause of tuberculosis was proved by Koch in 1882 to be the organism 
known as the tubercle bacillus. Probably no other single discovery has had 
a more important effect on medical science By the work of Villemin and of 
Cohnheim and Salomonsen (1870-80) it had bwn demonstrated that tuber- 
culosis was an infective disease. The latter observers found on inoculation 
of the anterior chamber of the eye of rabbits with tuberculous material, that 
after a period of incubation small tuberculous nodules appeared in the ins , 
afterwards the disease gradually spread, leading to disorganisation of the eye. 
Later still, the lymphatic glands became involved, and finally the animal died 
of acute tuberculosis The question remained as to the nature of the specific 
infective agent and this question was answered by the work of Koch, which 
will remain as a classical masterpiece of bacteriological research, both on 
account of the great difficulties which he successfully overcame and the 
completeness with which he demonstrated the relations of the organism to 
the disease. The two chief difficulties were, first, the demonstration of the 
bacilli in the tissues, and, secondly, the cultivation of the organism outside 
the body. The tubercle bacillus cannot be demonstrated by a simple watery 
solution of a basic aniline dye, and it was only after staining for twenty-four 
hours mth a solution of methylene blue with caustic potash added, that he 
was able to reveal the presence of the organism, All attempts to cultivate 
It on the ordinary media faded, but he succeeded in obtaining growth on 
inspissated blood scrum, inoculations being made on this medium from the 
organs of animals artificially rendered tuberculous The organism was 
cultivated by the above method from a great variety of sources, and by 
a large senes of inoculation expenments on \'anous animals, performed 
by different methods, Koch conclusively proved that bacUli from these 
different sources produced the same tuberculous lesions and were really of 
the same species 

Tuberculosis is not only the most widely spread of all infective diseases 
affecting the human subject, and one of the chief causes of death, but there is 
probably no other disease which affects the domestic animals so widely The 
vanous tuberculous lesions in the human sutqrct heeir not be desenhed in 
detail, but some facts regarding the disease in the lower animals may be 
gi\ cn, as this subject is of great importance m relation to the infection of the 
human subject. Amongst the domestic animals the disease is commonest m 
dair\ cattle (bonne tuberculosis), in %vhich animals the lesions arc very varied. 
In" most cases the lungs arc affected, and contain numerous, granulomatous 
notlulcs, many l>cmg of considerable sire ; these mav l>e softened in the centre, 
but are usually of fairlj* firm consistence and may lie calaficd There may 
be 111 adJition caseous pneumonw. and also small tiilicrculous granulations 
.\long with these changes in the lungs, the pleura: arc often affectcil, anil show 
numerous noilulcs, some of which may be of large sire, finnand jK-dunculatcd. 
the condition l>cing known m Gcrm.iny as Vcrl%ucht, in France as pommeUire. 
In other cases, again, the alxlominal organs and the jwntoneum arc pnnci- 
palls in\ c)!\ cd Tlic udder liccomcs affcctc*! in a certain pfojxirtion of cases 
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of tuberculosis in cows. Tuberculosis is also a comparatively common disease 
in |«gs, in wliicb animals it afTccts in many cases the abdominal organs, in 
other cases produces a form of caseous pneumonia, and sometimes is met with 
as a chronic disease of the lymphatic {'lands, the so-called ' scrofula ' of pigs. 
In the horse the abdominal organs arc usually the primary scat of the disease, 
the spleen being often enormously enlarged and crowded with nodules; 
sometimes, howev’cr. f ?ie priniar 5 ' lesions arc pulmonary, fn sheep and goats 
tuberculosis is of rare occurrence, especially in the former animals.^ It may 
dc\‘eIop spontaneously in dog.s. cats, and in the large carnivora in captmty, 
also in ferrets. It is met wlh in monkeys in captivity, and leads to a 
very rapid and widespread affection, the nodules having a special tendencj' 
to soften and break tlown into a piis-lifcc fluid. Guinea-pigs and rabbits may 
ac(|ujrc the infection when kept in the vicinity of animals with open tuber- 
culous lesions Tuberculosis m fowls (avian tuberculosis) is a common and 
ver)* infectious dt.seasc, nearh* all the birds in a poultry-yard I>eing sometimes 
affected. . 

The disease in animals thus presents great variations in character, and 
may differ m man)* rcsjiccts from that met with in the human subject. The 
relations of the different forms of tuberculosis are discussed belou’, but it may 
be stated here that two main tyjics of the tubercle bacillus in mammals are 
now recognised — a himan lype which is the common cause of tuberculosis in 
the human subject, and a horin( type ivliich produces bovine tuberculosis and 
also a certain proportion of cases of human tuberculosis, 


BACIUUS TUBERCULOSIS {MYCOUACTEHIUM TUBERCULOSIS) 


Human Type {Mycobacterium Uthercuhih hominh), MiCKOSCOPtC Ch.iR' 
ACTHRS. The bacilli are rod-shaped organisms uhich usually measure 
S'5 to 3-5 (I in length, and 0*3 /« in thickness, i.c. in projiortion to th«r 
length they are comparatively slender (Figs -10 and 41). 
howev'cr, longer forms, up to 5 // or more in length, are met inth. bo 
in cultures and m tfie tissues. They arc straight or slightly curved, and are 
either of uniform thickness, or may show slight c.vpansion at their e.xtremitics. 
When stained thev appear uniformly coloured, or may present 
coloured spots along their course, Math darkly stained parts between. ^ 
is no evidence, as at one time suggested, that such appearances 
spore formation, and it has been shown that ‘ beaded ' bacilli have no Iq 
poivers of resistance than those which stain uniformly. rrt^«es 

The bacilli in the tissues occur scattered trregularl}' or in httie m 
They are single, or tsvo arc attached end to end and often form in ^ 
case an obtuse angle. True chains are not formed, but u 

filaments are met with In cultures the bacilli form masses m u 
rods are closely applied to one another and arranged in a more or 
manner They tend to be shorter than those seen in the bod>. 


bacilli are devoid of motihly. stains 

Statnmg reactions. The tubercle bacillus takes up the or ^.verful * 
very slowly and faintly, and for successful staining one of the mo j 
solutions ought to be employed, e.g, crysta!_violet or basic u ’ pj,ed 
with aniline or carbolic acid. Further, such solutions require ^intion 

for a long time, or the stain ' Remain in the 

being warmed till steam aris oeculiarity. dis- 

hot stain for some minutes. . , decolons- 

coi'ercd by Ehrlich, that after staining has taken place from 

ing by solutions which readily remove the colour from the i 
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other organisms which may be present. Such decolorising agents are sul- 
phuric or nitric acid in 20 per cent, solution. Preparations can thus be 
obtained in which the tubercle badllus alone is coloured by the stain first 
used, and the tissues can then be coloured b 5 * a contrast stain. The bacillus 
when stained as above (’ , 

for tw enty-four hours. 


me of the best ancT 
• ' [vide Appendix) 

Hot water quickly decolorises stained organisms of the acid-fast group, 
including the tubercle bacillus. The tubercle bacillus is Gram-positive, but 
IS not readily stained by the usual Gram's method. 



from a ptirp cultur« on el>c«toi 

agir 

iirhl.N<«U<<n‘« itain. x 1 000 



Fic 41. Tiitf-rtle m pMhisioa) sputum . 
they Are longer than is often the case 
Zient-S'eel>en‘s stain and meths lene blue 
xl 0i») 


riucrfstenct u uroscopy The tubercle Uscillus exhibits fluorescence with certain 
dyes when examined microscopically by ultra-violet licht It then appears luminous on 
a dark field For the purpose an ultra-nolct lamp is cmployeil, a high pressure 
merciir) xapour lamp, with condensing lenses of quartz, ami an alurninium mirror in 
place of ihc ordinary silvered one (The microscope condenser may also be of quartz, and 
the slides of special gl.tss to pass ultra-violet light, but satisfactory results tnav be 
obtained without those.) The light is filtered through ‘ Wood's glass '. which excludes 
Msiblc rays, but, as this allows the transmission of red and infra-red ra>s. it is also 
filtered through a solution of 4 per cent copper sulplixte A yellow contrast filter is 
pWeed in the eje-piei-e Films arc made in the usual way from sputum, etc , stained 
with Aiiramine solution (0 1 j>cr cent in 5 per eent phenol in distilled water) lor filtecn 


liccn used as a nuans of recognising the •■rgani.tn in diagmistii. specimens and it has l-es-n 
cl iiiiieil tb.st ivosilive results luav be ohtainevt when Ziehl NeeUen staining l.iils , liut it 
IS doubtful whether flmmsevnee microscopy afloisis anv siibstaiiti il advantace over tlie 
ordirnrv nnthi«5s 

.l/<«-rr,ii:f/(ifms In «iUl ctiUtircs, for vvaiiipK*. very miuh hrger elements 
m-i\ orctir I 1k-m> nuv W in the form of long hl.xinrnls, sometimes cxjvtnileil 
or ilubK-il .nt their extremities, nw\ lie tTTVgnl.irU Kailcil. and ma\ even 
siiow the aj'jHMr.tnrc ol br-ilxlunc Tlicir siRnifir.inte has U-cn vanotisK 
interpreteil. (or wliile some hwik u|wm tliem as deceneratc or involution 
lorins others reganl thtm .is indie.xtin!; a <{xxial phase of the organism. 
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allying it with the streptothriccs. It has also been found that the bacilli in 
the tissues may produce radiating structures with club-like forms at the peri- 
phery closely similar to those of the actinomyces. This was found to be the 
case when the bacilli were injected under the dura mater and directly into 
certain solid organs, such as the kidneys in the rabbit. We have observed 
this appearance in the lungs of rabbits inoculated intravenously with a large 
dose of the bovine tj'pe of tubercle bacillus ^Fig. 42). Similar results have 
been obtained with other acid-fast bodlU and these organisms would appear 
to form a group closely allied to the streptothriccs. 



Fio- 42. Large clump of tubercle bacilli (bovine type) io Ions cl 
rabbit (cxpenioentally loocutatcd) showing club formations 
^ Ziehl-Neelsen's Siam x 1,000. 

Granular and non-^acid-fast forms Much maintained that the tubercle 
bacillus may exist in the form of free eraTuti®*- 
which are 
longed trei 


c • ^ iv=i:mow uipntneroids. 

It has also been claimed that tnbercnlons products and cultures of 
may contam the organism m a form which passes through ^act^ual c ^ » are non* 

that in cultures from such filtrates organisms may on occasion ,, r . 

acid-fast but later become acid-fast. On inoculating 
guinea-pigs there develops merely an «nla 
acid-fast bacilli may be present or they may 

passage in fresh animals, in which aJ» the i I 

conftnnatory results hav<» Vw.— 
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Chemical Composition. When the bacilli are extracted with organic 
solvents such as alcohol, ether, chloroform, or acetone, or mixtures of these, 
especially wth the aid of heat, substances are dissolved out which show the 
acid-fast property Tubercle bacilh are relatively rich in these lipoid constitu- 
ents , but it is extremely difficult to deprive the bacilli of their characteristic 
staining reaction by such treatment Aronson found that extraction vith a 
boiling mixture of hydrochloric acid and alcohol removed the acid-fast 
property, and Bulloch and McLeod by a similar process extracted an acid-fast 
wax. Long showed that if tubercle bacilli are extracted as completely as 
possible with alcohol and petroleum ether and are then treated with N/1 HCl 
a subsequent extraction ivith the organic solvents removes a further quantity 
of ' firmly boiind ' lipoid substances and destroys the acid-fastness and 
integnty of the bacilli, both of which had resisted the primary extraction. 
But B. subtilts contains practically as much of the firmly bound lipoid 
although, like other non-acid-fast organisms, its total content in substances 
soluble in organic solvents is much less than that of the tubercle bacillus 
Browning and Gulbransen found that acid-lastness is readily removed at 
room temperature by treatment wnth a mixture of chloroform and alcohol 
containing a minute amount of HCl, e g N/lOO, whereas m the absence of the 
acid several months' treatment leaves the bacilli still acid-fast Bacilli which 
hav c lost their aqid-fast properties by the above metliods are still stainable by 
basic aniline dyes, though tliey take up the stain feebly. 

The facts support Long’s view that it is the manner of distribution of the 
waxy or hpoid substance in the bodies of the bacilli which confers the typical 
staining properties on tubercle bacilli. This accords also with Koch's 
observation that the bacilli when disintegrated by tnturation cease to be 
acid-fast 

The investigations of Anderson and hisco-uorkers have further elucidated 
the nature of the lipoul constituents of the bacillus By extraction at room 
temperature of cultures of the hiiman.typc grown on a synthetic medium, 
With a mixture of alcohol and ether, followed by chloroform, practically all 
the materials soluble in neutral solvents are removed Then by further 
treatment wnth a mixture of alcohol and ether containing 1 per cent, hydro- 
chloric acid and final extraction with ether and chloroform, a further portion, 
the ■ firmly bound ’ lipoids, is obtained, a non-acid-fast residue being left. 
Thus a senes of products is extracted, compnsing acclonc-solublc fats, 
phosphatidos (acctonc-insoluble) and ' waxes ‘ (precipitated from chloroform 
or ether solution by methyl alcohol). The fats (which arc not ghcendcs) 
contain various fatty acids, including two higher saturated acids, which are 
charactcnstic of the tubercle b.iciUuv, nainclv tulwrculobtcanc acid and 
phthioic acid. The phosphatides differ etiemicalij from those of plant and 
animal ’ ’ ’’ ' ’"* ‘ waxes ‘ are the most 

abundai chicflv in the chloro- 
form c\ ■ ■ • . mixtures containing 

esters of h\ droxv acids with polysacchandesand small amounts of tnic w.-ixcs, 
etc. On autoclaving witfi aqueous hvdrochlonc acid, a p.irt of the waxes 
is not h\droh-cd This when dissolved in lien/cneand trcateil witli alcoholic 
caustic jvot.ash viclds a {wlysacchande and an ether -soluble fraction, w huh on 
further s.ijKmitication hlK*ratcs a li\dr*»xy and of verj high molecular weight, 
nucolic aciil (the only acid-f.isl constituent of tfic tul)ert!c Ixicilius) and a 
higher alcohol, phthioccrol - this and and alcohol arc recovered from the other 
wax fractions aK«) I’hilmm and and phthioccrol an; ali^nt from the tirmlv 
Ixiiind Iqwid' .\ striking fe.vture is the variable projwrtion of the several 
chemical comi>ounds ohtainnl from different strains on the same midiurn 
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In addition, a pigment phthiocol is obtained which is an oxidation-reduction 
reagent. The fluid of the medium in which the cultures have grocvn v-ields 
several proteins (tuberculoprotcins). which produce the tubcrnii:.. , 
(Seibert et al.), and in addition ^ 

devoid of tuberculin action. ‘ 
as originally shown by Laidla* 


and Lan, 
after the 

form (wl ■ ^ hiie ceils). The phagocytes 

finally div. jmgiy or en masse, the process simulating caseation. (2) Mycolic 
acid (or the ‘ waN ’ containing it) introduced intf' 
powder nr ‘ 

f ^ --..v .iiho laeir constituent monocytes 

(-, omy enect ot the polysaccharide is that of attracting neutrnnht!** 
leucocytes (4) The effect of tb»* 

«« .V :»niiidjauon ol monocytes wth 
1 Ol euuottielioid cells and giant-cells, the latter being both of the 

foreign-body and the Langhans’ types, -whereas soluble protein merely pro- 
duces an accumulation of monocytes. The intensity of the cellular reactions 
to the proteins is greater in tuberculous animals than in normal. These 
findings throw some light on the tissue changes obser\*ed in tuberculous 
lesions, and further reference will be made to this subject in relation to the 
pathogenic action of the tubercle bacillus 

Cultural Characters. The tubercle bacillus is an aerobe and does 
not grow under strictly anaerobic conditions. Its optimum temperature is 
about 37® C and the temperature range for growth is rather restricted, from 
30° to 41® C. It cannot be cultivated on ordinary agar or broth media, but 
primary groivths can be obtained on blood or serum media, on pieces of animal 
tissue or on media containing egg-yolk After pnmary culture from the body 
subcultures of the human type can be obtained on ordinary media to which 
5 to 6 per cent, glycerol has been added ; the presence of glycerol in other 
media greatly enhances growth Tlie medium first used by Koch was inspis- 
sated blood serum If inoculations are made on " 

material — *’ 

minute cc l f 

raised abc ...w» vumpaiea tne appearance of these to that o 

small dry scales. In such cultures the growtlis usually reach only a compara- 
tively small sire and remain separate, becoming confluent only when many 
occur close together In subcultures, however, growth is more lu.\unant an 
may come to form a dull wrinkled film of whitish colour, which maj' cover 
greater part of the surface of the serum and at the bottom of the tube maj 
grow over the surface of the condensation water on to the glass (rig. )■ 
The growth is always of a dull appearance, and has a considerable oeeree ^ 
consistence, so that •" 
of water. In older c 

serum, the growth n _ 

colonies are e.vamineu uuuer a loxv power of the microscope, they 
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be extending at the penpherj’ in the form of %vavy or sinuous streaks wJiich 
radiate outward, and which have been compared to the flounshes of a pen. 
The central part shows similar markings closely interwo\’cn These streaks 
are composed of masses of the badlli arranged in a more or less parallel 
manner / 

On egg ptedtum and especially on glycerol'e^^ tnediiitn the human type 
grows well, producing an abundant dij’, irregular, urinkled or vemicose layer 
which has usually a yellowish, buff, or pinkish colour The growth is also 
characterised by its tough and tenacious consistence Egg media, particu- 
larly uhen made up with digest broth, 
are specially suitable for direct cnltiva- 
tion from the tissvies 

On glycerol agar, which was first 
introduced by Xocard and Roux as a 
medium for the culture of the tubercle 
bacillus, growth takes place in sub- 
cultures, but this medium is not suit- 
able for obtaining primary cultures from 
the tissues, inoculations unth tuber- 
culous material usually yielding a nega- 
tive result The growth has practically 
the same characters as on serum. The 
organism also flounshes well on glycerol 
potato, and this medium has sometimes 
prosed suitable for prim-arj' cultures from 
tuberculous lesions. In glycerol broth, 
especiallv in a shallow layer in a flask, 
the bacilli grow readily in the form of 
little white masses, winch fall to the 
bottom and form a jwwdcry layer If. 
however, the growth be started on the 
,ur/.icc, It sprcatls superficially as a “ 

Jiill whitish wrinkled pellicle winch may „ i.i,ni. 

rc.Tch the wall of the flask, this mwlc urj-^^AUanoUcuiiur^ 
of growth is specially suitable for the <c7a\„„ , uhertie twciiiuv Th»ifrowth,i«iiti<ir 
production of tuberculin (vtde m/ra). uun ihn.ih»n 

( ultiires have a characteristic fruity 



th.it llicir surface is kept moist by the intxlium. without the fr.igrncnts Iwing 
stiliinergcd The growth is proI>.-ihl\ more rapid anti liiMin.nit tli.in in aii\ 
otlier inctlioti A li|xii<l gnmtii fastor for the tulicrrle l>.uilhis has Ikx-h 
CN tr.ittcil from egg \olk and from tcrlain anmia! tissues b\ Boi«sc\.iin ami 
St hull 7 r ulturcs ma> lx- reaiJiK ohtaincti on fluid s\ nthelit ni<<li.i rontain- 
mg .l‘•par.lglne, animnnmm citrate, glvxxml. inorganic mIIs. and a siii.ill 
aintitml of feme ammonium < itr.ilr fp 2C0) The atldilmn of r« rtam stjrfat t 
ac list agents esjH.-ci.nlIv long ch.im filtv arid «-.!« rs «»f jvil\h\drir alfolioK, 
eg |xIK^l\^e^ll\It'nc *ofliit.in monti-oKatc Tumi •'u of the .\tl.is Powd< r 
< o \\ ihnmgton. I' S \ ), leads to rapid suhini rgtif grow th of ihe IuIxti le 
h.KiMiis (Ihilfos) Tr.ites of free oleu acid inhihil intilliphcalion of liie 
orgaiii'iiis but liiis .ifinm is mntralisrd bs whoh m rum or undemlurated 
•aiuiii .illiumm iDtsi-- .Tnd Diilxis) Mme the lulM-rtle l>.uilhis grows f»st 
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Nvith free access to the oxygen of the air, culture^contamers which have been 
sealed to prevent evaporation should be opened from time to time. 

As mentioned growth ceases below 30® C., but on long-continued cultiva- 
tion outside the body and in special circumstances growth may take place 
at a lower temperature. Cultures may remain alive for long periods either at 
room temperature or at 37® C., even for several years. Some strains retain 
their varulencc after cultivation for many years, others soon lose virulence. 

Bovine Type {Mycobacterium tuberculosis bovis). The bovine type is 
often shorter and' thicker and more regular in size than the human tjpe 
but for practical purposes the two types are morphologically identical 
(Fig. 44). The growtli on various culture media is scantier than that of 
the human type. From the latter character the Ko^’a! Commission applied 
the terms dysgouic to the boxunc and eugenic 
to the human type. For distinguishing 
the growth characters of the two types, 
egg media are especially suitable. On 



^lehhNeelJen 8 statn x 1,000 
such medium the human'type. as described 

above, produces an abundant, dry, and glycerol egg. The tube ® 
wrinkled or verrucosc growth, which lias Sn”’ The thw t^ber«^re ir 
often a yellowsh or pinkish tint; while 
the bovine type forms a thin whitish Xaturij^re 

layer, smooth or somewhat granular, rather . 

moist in appearance, and the growth is much more easily broken up. 
difference between the two types is accentuated by the addition of 
to the medium ; this greatly favours the growth of the human 
it does not favour, or even inhibits, the growth of the bovine type. 
fact, on glycerol egg medium primary' cultures of the 
On inspissated serum bovine cultures are never pigmented as the h 
type often is These differences are most marked in the early’ ' jg 

later subcultures they tend to diminish. The vitality of the 
less on artificial media, cultures baxung sometimes a tendency to i 
Other differences between the human and boxnne types are d^lt 
Dissociation As first shown by' Petroff-and his co-worl^rs s 
tubercle bacilli may be dissociated into variants ' /oi and 

characteristics. These have been designated ' smooth (S), roug , 

‘ intermediate ', according to the appearances of colonies, but i j --jjated 
whether such variations are strictly analogous to those sirmlar y 
in other bacterial groups. Generally, the colonies of the b yp 
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with an almost entire edge, either relatively flat or convex and dome-shaped, 
smooth and glistening, soft or slimy in consistence and easily emulsified 
(Fig 46). The R type colonies are irregular, raised or heaped up and 
sometimes crater-like, rough and dull m appearance, friable and difficult to 
emulsify, forming an unstable suspension in physiological saline (Fig. 47) 
Steenken, Oatway and Petrofl have dissociated a nrulent strain of the human 
type into stable ‘ smooth ' and ' rough ' forms ; the former consisted of flat 
wrinkled or stippled cream-coloured colonies with spreading veil-hke pen- 
pheries, the latter of discrete, slightly chromogenic, dry, raised, crater-hke 
colonies which had a clear-cut periphery ; the ' rough ' type was aiirulent, 
while the ' smooth ‘ form was actively tuberculigenic. It seems possible, 
however, that this ' smooth ' type is in reality an intermediate form between 
the true S and R. Petroff and his co-workers had found previously that an 
S variant derived from tKe avirulent culture of Calmette and Gu^nn (B C G. — 
vide p. 2G8) may be pathogenic to laboratory animals 




Viability. The tubercle bacillus has considerable powers of resistance to 
external influences, and can retain Us vitality for a long time outside the body 
in various conditions ; in fact, in this respect xt may be said to ocaipv a 
position intermediate between spores and sporc-frcc bacilli. Dried phthisical 
sputum has been found to contain sirulcnt bacilli after two months, and 
similar results arc obtained when the bacjlh are kept in distilled uatcr for 
several weeks So also it resists for a long time the action of putrefaction, 
which is rapidly fatal to many pathogenic organisms. Sputum has been 
found to contain living bacilli even after being allowed to putrefy for scscral 
weeks and they have liccn found to be aliw in tuberculous organs winch 
ha\ e been buned in the ground for a similar pcnotl Thc> are not killed by 
licing cxjwsed to tlic action of the gastric juice for six hours , they wall 
survive a temperature l>cIow freezing point for many months Tlie bacilli 
may sur\-i\e for a time on books or papers read by coughing jilithisical 
jvrsons, but acconling to Smith there is little likelihood of their remaining 
viable as long as thirty daj-s. am! ‘ quarantine ' of such articles for this time 
should be an adequate safeguard against spread of infection. It h.is been found 
that when comjdctcly dritnl the tubercle bacillus can resist a temperature of 
IC*)" C. for an hour. but. on the other hand, exposure in the moist condition to 
(tfC for the same time is fatal It may Instated that r.iising thetcmjienifurc 
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to 100® C. kills the bacilli in fluids and in tissues, but in the case 0 / large 
masses or volumes care must be taken that this temperature is reach^ 
throughout. When suspended in w-atery fluid they are kilied in less than a 
minute by exposure to 5 per cent, carbolic acid ; and both Koch and Straas 
found thaf they are rapidly killed by being exposed to the action of direct 
sunlight. But it is much more difficult to sterilise sputum containing the 
tubercle bacillus by means of antiseptics, as the physical and chemical 
characters of the sputum prevent effective penetration of the chemicals used 
According to Maddock, the bacilli may survive for si.v months on soil and 
manure, while on growing grass they may be found alive and virulent for 
forty-nine days during ordinary summer weather These findings are of 
significance in relation to the infection of pastures by tuberculous cattle 
Pathogenic Effects on the Tissues. The local lesion produced by the 
tubercle bacillus is the well-known tubercle nodule, the structure of which 
vanes in different situations and according to the injcnsity of the action of the 
bacilli. After the bacilli gain entrance to a connective tissue such as that of 
the iris, their first action appears to be on the endothelial and connective- 
tissue cells, which bedoroe somewhat swollen and undergo mitotic division, 


cells is thus formed in the neighbourhood of the bacilli, and about the same 
time numbers of leucocytes— chiefly lymphocytes — begin to appear at the 
periphery and gradually become more numerous. Soon, however, the toxic 
action of the bacilli comes into prominence. The endothelioid cells become 
swollen and somewhat hyaline, their outlines become indistinct, while their 
nuclei stain faintly, and ultimately lose the power of staining. The cells in 
the centre, thus altered, gradually become fused into a homogeneous sub- 
stance, and this afterwards becomes somc\vhat granular in appearance. 11 
the central necrosis does not take place quickly, then giant-cel) formation 
may occur m the centre of the follicle, this constituting one of the character- 
istic features of the tuberculous lesion ; or after the occurrence of caseation 
giant-cells may be formed in the cellular tissue around The centre of a 
giant-cell often shows signs of degeneration, such as hyaline change and 
vacuolation, or it may be more granular than the rest of the cell. The e.xact 
mode of formation of a tubercle nodule vanes, however, in different tissues 
There c.in be no doubt that the cell necrosis and subsequent caseation depend upon 
the products of the bacilh, and are not due to the fact that the tubercle nocaJe ” 

^ . young 

already 
octs on 
s there 
,es may 

be abundant in forms of tuberculous granuloma in which there is nine w ui' 

Reference lias been made above to the tissue reactions produced by i 
chemical fractions of the tubercle bacillus 

The general symptoms of ludemilasts — pyrexia, wasting, etc. to 
ascribed to the absorption and distribution throughout the system ° 
toxic products of the bacilli ; in the case of phthisical cavities and Ji 'e 
tions where other bacteria arc present, the toxins of the latter 
important part The occurrence of amyloid change in the organs is 
by some to be chiefly due to the products of other, especially P3 b 
organisms, secondarily present in the tuberculous lesions. 

Presence and Distribution of the Bacilli in Lesions, etc. A tew < 
be stated regarding the presence of bacilli, and the numbers m w 
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are likely to be found in tuberculous lesions They are usually very scanty m 
chronid lesions, whether these are tubercle nodules with much connective- 
tissue formation or old caseous collections In caseous material one can 
sometimes see a few bacilli faintly stained, along with very minute unequally 
stained granular points ; but not infrequently none can be detected. The 
important fact, however, has been established, that tuberculous material in 
which no bacilli can be found microscopically may be proved, on e\pen- 
mental inoculation into animals, to be still vnrulent. In subacute lesions, 
with well-formed tubercle nodules and little caseation, the bacilli are gener- 
ally scanty. They are most numerous m acute lesions, especially where 
caseation is rapidly spreading, for e.xample, m such conditions as case- 
ous pneumonia (Fig 48), acute tuberculosis -^of the spleen in children, 
which IS often attended with a good deal of rapid caseous change, etc ; 



Fir -18 Tiil)erclcl>acitliin$ccliono(huniinlunem>icute 
nhthKis The l>ari1li are s«<n t>ms sincl) and al-« in 
larKt nnstes The pile baetcround it formed by 
ra^eoiis niatrml 

Stained «1th /nhl-Neel&en’astam and meUitlene blue 
xfiUO 

the organisms often form large mas’ics which arc easily '^ecn under a low 
jKiwcr of the microscope, being specially abundant at the margin* of the 
caseous areas. In acute miliary tuberculosis a few bacilli can gcneralh be 
found in the centre of the follicles ; but here they arc often much more sc.intj 
than one would c\poct Tlic tubercle bacillus is one which nt»t onlv lias 
comparatively slow growth, but retains its form and staining jxjwcr for a iniicli 

longer ’ i .n . 

JXlsitlO 

cells ar ■ 

of the lower animals In c-ittle. for csample. the bacilli are coininonlv found 
within giant-cells, in which they arc often arranged in a somewhat radiate 
manner at the i>criphcr> , U is also common to find bacilli in con-'Klervablc 
mimlKTs scattered irregularis throughout the cellular conncctn e tissue of the 
lesions, even when there is little ornocasmtion present (Fig 49) 

In tulx rciilosis in the horse the numliers of liacilli mav lx? \cr\' gre.at, 
e\en in lesions which arc not sjKCialU acute, and considerable lari.ition 
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both in their number and in their site is met with in tuberculosis oi 
other animals. • ‘ 



Fio. 4'' Tubercle bacilli in paot-cclls. shown? the 
arranRetneni st the penpheo' Ihe cells Section of tuber- 
culous udder of cow. ^ _ , , _ . 

Stained vnth Ziehl-Seelscn’s stain and Dismarck-brovra. 
X 1,000. 


In discharges from tuberculous lesions which are breaking , 

tubercle bacillus is usually to be found. In the sputurn of pn 1 1 
patients Its presence can be demonstrated almost invariably a 

^ ^ period, and sometimes the numbers are 

large. Several examinations may, ho"’* 
^ ever, require to be made, also animal 

' • k inoculation, before any conclusion as to 

/ ^ ^ the non-tuberculous nature of a case can 

/ ■ ‘ \ be dra%\’n. In tuberculous meningitis 

I-- • j ccrebro-spjnal fluid obtained by 

V. ■ ./ puncture; but are ' 

\ ' ; •7 In cases of genito-urinary tubercutos 

\ ' ■ / they are usually present m the ume . 
\ , / but as they ate much diluted h 

is obtained by means of the cent 
This deposit is examined in the s 
Fig 50. Tubercle bacilli m unoe, show* tVp soutum. The baciill 0 

mg one of the characteristic clumps m ^ i.,TV,Tte as sho'Vn Ul 

which they often occur. -DCCUr in little clumpS. of 

Stained with Ziehl-Neelsen's staio and en Tn tubcrCUloUS Ulcerai 

Ftg. ct Sr 

may be demonstrated, as was first shotvn by Koch . , lesions, as a 

discovery is usually of little importance since a niatter of 

rule, occur only in advanced stages when diagnosis is no o g reveal 

doubt. It should be noted that cultural methods may m s 


Fig 50. Tubercle bacilli m unoe , shew* 



AND SAPROPHYTIC ACID-FAST BACILLI 255 

the presence of tubercle bacilli in pathological material in which they cannot 
be detected by direct microscopic examination. 

Claims have been made that tubercle baolli can be demonstrated by microscopic 
or cultural methods in the circulating blood in a large proportion o( tuberculous t.-^ses 
Certain of these observations have been possibly fallacious and such findings have not 
been confirmed (see Wilson, 193^) 

Experimental Inoculation. Tuberculosis can be artifiaally produced in 
animals in a great many different ways — bj' injection of the baciih into the 
subcutaneous tissue, into the peritoneum, into the anterior chamber of the 
eye. into the veins ; by feeding the animals with the bacilli ; and. lastly, by 
making them inhale the baciih suspended in the air 

The exact result, of course, varies with the of tubercle bacillus 
(human or bovine), and in thflerent animals and according to the method of 
inoculation, but we may state generally that when introduced into the tissues 
of d susceptibie animal the baalh produce locally the lesions above described, 

~ f 

• * eti- 

of 

gencr.Al tuberculosis Of the animals generally used for the purpose, the 
guinca-pjg is highly susceptible to both types of bacillus. 

When a giunca-pig is inoculated subcutaneously with a culture, or mth 
material containing the hnng bacilli, such as phthisical sputum, a local 
svicllmg gradually forms which is usually well marked about the tenth day 
This swelling becomes softened and caseous, and may break down, leading to 
the formation of an irregular ulcerated area with caseous lining The lym- 
phatic glands m relation to the parts can gcnorall> be found to be enlarged 
and of somewhat firm consistence, about the end of the second or third week 
Later, caseous change occurs m them also, and a similar condition may spread 
to other groups of glands in turn, passing also to those on tlie other side of 
tlie bodv During the occurrence of these changes, the animal loses weight, 
grachiallj becomes cachectic, and ultimately dies, sometimes witiiin six 
weeks, sometimcb not for two or three months. Post mortem, in .addition to 
the local and glandular changes. .i general tuberculosis is usually pre^icni, the 
spleen being sjiccialh a/Iected This organ la enlarged and is studded 
througliout b> numerous tubercle nodules, which may be minute and grev, 
or larger and of a \cllowish tint If death lias been long delayed, ralcifica- 
tjon mav has e occiim.’<l m some of the nodules Tiilicrclc nodules, though 
rather le*"- mirnerous. are .lUo present in the liver and in the lung>, the 
luidules m the latter organs licing iisiiallv of smaller size, though sometimes 
in large numlwrs The kidneys, otilj occasionally show nodules The 
exlcnt of the general infection v.ines , sometimes the ilironic glandular 
th.inges cotistilutc the outstanding feafure Statements .is to difTcrcncos 
in tlie pathogenic effects of banlh from Iniman and bovine sovincs will bo 
found IjcIow. 

It fivs U-en lonj; rrvo^niwvl tliat ulicmts of the lung prwlisfswes to tuberculosn, anU 
Itie tavtors cnnc«n«J ti*vc (rcetvcvl v^insul^atitc study ft Has afionn by Gyc and 
Krtil« lliat i( Iwcillj HtTc injcctni aiutii; niih «ilic* into the subcutaneous tissues of the 
tnous**. the bacilli prolifct.ateit rcodilj m tlie area of Coagul.ition necrosis produccl by the 
sUna an<t vs-med to l>e protected from the tissue defences Kettle .tlv> found that H-ben 
mjcste'l into the ctntiUtion of rabbits and mice, thes tendril to hKalivj m suU ul.ineous 
lesions pn-duced by various arenis uf.ich I'rimelit aljout increased s*«culirit> and tissue 
nectosis Wlien siluA H.ss used as the prosncativc acent this Irsabviti >n uas nil amble 
And there Has estensne prnlifrration til flu* Imilb in the Wal Irston 1 urnnins and 
Urjihrrall have «,,nfimeil t,j-e and Kettle a lindinxs but tliei }«/int nut that the egret 
,if »il« a IS I sat and tr4rml<>r> 
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Difference in experimental pathogenicity hcivceen the human and hmne 
types. While in certain nninials, e.g. gninea'pig and monkey, there is little 
difference between the two types, in others a pronounced difference can 
be established ; this is pnrtieiilarly so in cattle and rabbits. Thus the bo%nne 
type when injected in .suitable quantities into calees proiUiccs a local tuber- 
culous lesion, which is usually /ollowed by a generalised and fatal tuberculosis; 
whereas injection of the human tulKircIe bacillus usually produces no more 
than a local lesion, which undergoes retrogression. Corresponding differences 
emerge in the case of the rabbit . in fact, intravenous injection of suitable 
quantities (eg O-Ol to 0*1 nigrn. of 5 'oung culture suspended in I c.c. of 
saline) in this animal is the readiest method of distinguishing the two tvpes— 
an acute tiiberculo.si.s resulting tvith the fM>\‘inc. but not uith the human type. 
In guincn-pigs and monkeys a generalised tiibercnlosis results from sub- 
cutaneous injection of bacilli of the human ty[>e. but in this case also the 
difference in favour of t/ie greater virulence of the bovine tyjic is sometimes 
made out 

Effects of the Dead Tubercle Bacillus. The interesting fact has been 
e.stabhshed bv indcpc/ulent investigators, that the tubercle bacillus in the 
dead condition, uhen introduced into the tissues in sufficient numbers, can 
jiroducc tubercle-likc nodules Pniddcn .ind Hodcnpyl. bi’ intmienous 
injection in rabbits of cultures sterilised by heat, produced in. the lungs small 
nodules in wJiicli giant-cells, but no caseaHon, were occasionally present, and 
which were charaetensod by more growth of filirous tissue than in ordinary 
tubercle The subject was scry fully investigated, uith confirmatory 
bv Straus and (himalem, who found that if the numbers of bacilli 
into the circulation u-erc large, there resulted very numerous tuberrie nodule 
with well-formed giant-cclIs. and occasionally traces of caseation. The oaci 
could be well recognised in the nodules by the ordinary' staining metJi 
Similar nodules could be pro<liiccd by Intraperltoneal injection. 
ous injection, on t/ie other hand, produced a local abscess, but ? 

tubercles were found in the internal organs Further, in many of * 

inoculated by the various methods, a condition of marasmus set m ana gr 
ally led to a fatal result These c.xpcrimcnts, which have been 
by other obseri'crs. show that even .after the bacilli are dead they ^ 
their staining reactions m the tissues for a Jong time, and also that ^ 
apparently’ contained in the bodies of the dead bacilli certain ^ 

which act locally, producing proliferative and, to a less extent, ^ 

changes, and which also markedly affect tfic general metabolism 
has already’ been made to this question in connection with the c le 
stituents of the bacilli. It has been found that animals jnocula e ^ 
tubercle bacilli afterwards give the tuberculin reaction {vide 

It has recently been shown that the dead bacilli \yhen Thus 

paraffin on injection into animals may prorluce sinking euects ( ^ 
paraffin suspensions of dead organisms of the and in 

testis of the rabbit, lead to the transjwrt of the bacilh to t e » 
this organ produce severe lesions taking the fow of local 

often followed by death (Saenz). A« ' md 

produced by p.iraff)n suspensions of the 

prone to suppuration. They swgges _ roiiu^i •■■■ 

destruction of the organisms without isolating them iro intense 

tissues Injection of these paraffin suspensions also .wenic action 
sensitisation to tuberculin Such results indicate that the p physico- 

of the tubercle bacillus is intimately related to Jt5 cne 
chemical composition. 
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Bovine Type of Tubercle Bacillus in Relation to Human Disease. This 
subject first aroused special interest owing to Koch's address at the Tubercu- 
losis Congress in 1901, in which he stated his conclusion that human and 
bovine tuberculosis were practically distinct, and that if susceptibility of the 
human subject to the latter really existed, infection was of very rare occur- 
rence — so rare that it was not necessary to take any measures against it 
Previously to this, Theobald Smith had pointed out differences between 
human and bovine tubercle bacilli, tlic most striking being that the latter 
possess a much higher virulence for the rabbit and certain other animals, 
and in particular that the human tubercle bacillus, on inoculation into cattle, 
produces either no disease or only local lesions without any dissemination 
Koch’s conclusions were based chiefly on the result of his inoculation of the 
bovine species with the human type ol bacillus, the result being confirmatory 
of Smith's, and also on the supposition that infection of the human subject 
through the intestine was of very rare occurrence. 

After Koch’s communication a large amount of work was done on 
this subject, and commissions of inquiry w'ere appointed in vanous countnes 
We may summarise the chief facts which were established Practically ail 
observers agreed that there are two chief types of the tubercle bacillus, which 
differ both in their cultural characters and in their virulence — human and 
bovttte The differentiation of these by cultural and virulence tests has 
already been described the human type is fugomc on glycerol-cgg medium, 
the bovine dysgomc , the human type is of low virulence for the rabbit, the 
bovine produces on inoculation of this animal an acute generalised tubercu- 
losis, and an analogous difference can l)e demonstrated also in cattle 

Although most of the bacilli which have been cultivated correspond to one of the 
two t)'prs AS above described, it is also to be noted that intcrn'edi.ite vancties are 
occasionally met with, though some of these on analysis h.uc been found to !« really 
due to a mixture of the two types Onffitb has recorded the ocuision.'il occurrence ot 
the following alierrant forms dy^gonic human, attenuated dysgonn. human, attenuated 
cugonic human, eugonic b'liine, attenuated eugonic bovine and attenuated dysKonic. 
bovine tyTies The attenuated forms lack the vinitence for animals pos^ewd by the 


.-ire that this modification does not take place and that the characters of the type are 
comparatively stable 

With regard to the distribution of the two types, it may be stated th.vt, 
so far as wc know, tlie b.'icillus obtained from active bovine tuberculosis is 
practically always of tlie bovine type , in f.ict, this seems to be the prevalent 
organism in animal tuberculosis \itde infra) In human tiilierctilnsis the 
bacilli in a large majority of the cases arc of the human type . but. on the 
other hand, in a certain projwrtjon the Ijovinc t>pc Is present Pulmonary 
jihtliisis IS. with few c.xccplions, caused by baaili of the human type Cases 
iiavc been recorded m winch the bovine t>|>c has been present, but in general 
these constitute aliout 1 jki cent of the cases investigated In Scolhand, 
however, an incidence of 0 per cent, or over, has been recorded. Tlie Royal 
Commi-sston fotiiid that the Ixivine l>j>e was present in r>i) j>cr rent of r.tses 
of primary alKlominal tuberculosis m children that ts. in c.nses where 
.ipjxarently infection h.id taken jikvce by the alimentary tract , more recent 
ol>sefVMtion.s h.nvc shown that tlic projwrtion of cases of gl.mdiil.ir tulicrcu- 
hists in children under ten yc.vrs of age proiluccd by bovine b.irilli v.ines 
« onsiderablv in dificrvnt localities Jn cases of lupus nc.irly half of the strains 
nl>t.vincil .trc of the Ixjvine tvi>c, .md it is an interesting f.act tli.it trunv of 
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them, both of the human and bovine tj’pes, have been found to be marked!) 
attenuated in their virulence for animals. In over tu'o hundred cases of 
tuberculosis in children, reported by Park (1908-10), the bovine bacillus was 
present in more than 25 per cent., the percentage being higher in the earlier 
than in the later years of childhood ; and Fraser found that in tuberculosis 
of bones and joints among children in Edinburgh, this wag the type present in 
more than half. Fraser also found that the proportion of cases in which the 
bovine type is pYesent is much higher when there is no evudonce of infection 
from other members of the family, than when there is the possibility of such 
infection. Tlie majority of the tuberculous lesions from which the bonne type 
has been obtained have been in children. Blacklock in the Wiat of Scotland 
investigated, post mortem, 434 consecutive cases of tuberculosis in children 
The pathological evidence pointed to the respiratory system being the portal 
of entry in 283 (65-2 per cent.) ; the infecting organisms were isolated in 166. 
160 being human strains and 6 (3-6 per cent.) bovine. Primary respiratory 
tuberculosis was very fatal in children under three years and slightly less so 
in children between three and thirteen. In 140 the primary site of infection 
was in the intestinal tract and from these 73 strains were isolated, 13 being 
human and 60 (82-2 per cent.) bovine. Vritnavy abdominal tuberculosis was 
less often the cause of death than primary respiratory tuberculosis, but rn , 
abdominal infections also, a higher mortality was noted in children under 
three years In 9 cases the portal of entry was in the cerv’ical glands (in 7 
cases the pnmary site of infection could not be found, while in 5 there were 

double primary sites. More — 

from children under two yea 
strains were isolated as folio • 

18 bovine (G4‘3 per cent ) , 

and 9 bovine (34'G per cent ) ; 52 of these strains \vere isolated diinng Ide, 
and 28 of them (53'8 per cent.) were of the bovine type. 

The following collective figures given by Griffitli indicate the percentage 
prevalence of the bovine type of tubercle bacillus in various forms of 
cuJosis m this country • cenucal gland tuberculosis, 9T3 in England and Cj 
in Scotland under five years of age ; and 50 in England and 52*6 in Scotunu 
at aU ages bone ai\d lubcvculosis, 19*7 in England and 30'7 in Scot* 
land . meningitis, 24 6 in England and 29-6 m Scotland ; lupus, 48*7 in 
England and G9-2 in Scotland pulmonary tuberculosis, l-SS in Engl-in 
and 5 77 in Scotland (the frequency of the bovine type increases from t le 
south to the north of Great Britain, reaching 9 1 per cent, in niral N.L. Sco • 
land) genitO'Unnary tuberculosis, 17-4 in England and 31 per cent, u' 
Scotland . . 

In addition to these data regarding the relative prev'alenco of the bo' 
type of tubercle bacillus in the different forms of tuberculosis and at 
ages, the following facts arc of special significance . as estimated, abou 
3.1 per cent of dairy cows in this country arc tuberculous, though om> a 
0 5 per cent exhibit udder tuberailosis and actively discharge bacilli m 
milk Recent work indicates, however, that lesions of the udder, oe 
bv microscopic e.xamination, are much commoner (Stamp) As a res 
mixing or bulking, up to 0 or 7 percent, of .samples of raw market mi 
large communities contain the living tubercle bacillus, and this 1^'^ 
may sometimes be higher. AH the evidence points to cows milk as a . 
source of human tuberculosis, / . -icxses, 

' It IS of special interest that tuberculousinfcction of cows is, m mt>> ‘ 
the result of inhalation of the bacilli and involves primarily ’ 

■whereas liuman infection by the bovine tj^xj of bacillus is genera ) 
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dnnkjn?,' con's' milk and mvoh’es organs and tissues other than the Jungs {see 
Francis). 

Although the Jwnne bacilii arc more nrulent to the lower animals than 
tlic litiman bacilli arc. this does not hold in the case of the human subject. 
In fact, the comparative chronicitj* of the primarj' alxjommal lesions in 
children, in the first instance, would point rather to a lesser order of virulence 
towards the human subject. Wc may also add that there arc cases, notablv 
those of RavcncI, in %\hich accidental inoculation of the skin in the Jiuman 
subject with bo\inc tubercle has resulted in the production of tuberculosis 
It was held at one time that m infancy the susceptibility to infection witli 
the tubercle bacillus is so great that infection once established piacticallv 


which makes ihtsc views untenable. Of these children 10 died «ithin the 
first jear, one in the second >*e.ir. and none in the third year . in 72 of them 
(2S-7 per cent, of the total), there was extensive tuberculosis However, 
two-thirds of tlie children survived and in the succcctimg three to four year** 
developed well, although many of them showed evidence on X-ray examina- 
tion of extensive lesions with ca.scation and calcification of the mescntcnc 
glands As regards relationship between the site of the pnmary lesion anti 
the subsequent course of the disc.isc, it is noteworthy that almost all of those 
who ileveluiKxl c.xtcnsive primary lung lesions <lictl 

Practical Conclu5ions regarding fbe Sources and Modes of Infection, From 
the facts alxivc staled with reg.ard to llic conditionsof growth of the fuf*crclc 
btcillns, Its jiowcrs of resist, mce. and the paths b.v winch it c.nn rnier the 
IxkU and priKluce disease (a^ sjnm-n by cx{»cnment), the m.innef bj whicJi 
twlicrcuhisis is naturally tr.xnsmittctl can Ivc readily undcrstootl 7 he Iwalli 
leave the l»o<Iv m Large numlicrs m the sputum of phthisnal jvitients .\s 
cxample-i of tlic extent to which this takes pLice, it mav lie said th.it tlietr 
presence m the atf and tlust <if premises occupied bv phtlusual jK-iticnts h.is 
tKxn rcjv.vtcsllv dcmotistr.iUsI Cornet pro<Juccd iul»emilo'tN m aiumaK hv 
inix-ul.vtmg them with dust coUectetl from ho'.pu.il wards onupiod hv 
pljthiMi.ll p.iticnts So Lir .is the human sub;ei-t is coiirerned. tlirrvfore the 
great rie.vii’. id di'semunlmg the IsaeiUi in the outer world is iltwsl phtIuM' .d 
sputum, anti tins xMiree of d.xngvr can scarctlv Iv o\eti*stini.»t«.s! 1 h.e tsicilh 
aie al'ssprv'*' nt wi the nwtvwtv iltojvU-tsrvj'sllevl from the mouth nl tli«' p,aiKnt 
wilt n loughnig. atwl ilw'sccontnlmte tiotli to the font.unui uvn of tlte .nr and 
tlw tluil of pfi-mises 

;\n<itht r gre.vl stmree <■( tn(c« titniis the imlkot tuN r« tdmis mw v ulK 
lh('s« .ifitstcd VMth ttilteri hIosi« of the inlder. and the. is rr-sj'sm.th/o far .i 
I oiiMdcr.d'!'- pKijxirtiofi of tidi'-rcuIoMs of Ivmphiio gliml* I***!/-. ,md 
<n . in vii'ing chtMien .is afmve detadtxl ffir nu/l. fnuji < oh s (/ms 
tthstisl is pta!».\M\ tfw nuiti wnjrn* of ni'^ntrtit.i whujj iv 

si'imu'in m vaurc sulipvts fn (Jir-s< ras*-s ther** m iv lx* f ulxn iilotjs iiln r.i 
ti 'll «d the mifstuif ortimu t>e.ilrs<nt It is r~>p*s nJlv i.n • hil Jrrn ih »f ifi,. 

<>I mhxti't'i .« curs, »ujrr rn ihf adult iilceralmn of ifi»- intesfin- is rare 
Asapnnnrv itife. fiaji (huu.-h (t miv result ii phJhi'Kal piti* nts fn-jj l.infjj 
in t!ie .jifitiu'i wht.h h.i\ litvij sw.il} mr.! Tht-rr n h-s' ri*l I'lfnrfj ,n hj 
iJi<-ins of tl.f f!--'!! of lulirri tiJ .'IS amriiN, ptr, m 1 } e r r.t p! j r ti:l.r-f. uI t js 
itiM'lsjfg llif of t.iffl'* f-ur,j iTtV fare, iht-re is htljf «/.>;. r jJ.e 

t-4'-tlh !• f j-ffst rit I'l tf '■ I?r.*i Mnl<'.s an affo'tfti Ivk'J fi rl i.''d is ir It t’-l of 
(fit- s':Tfor f 4. irrd with fnaterjal ffom tuttrirnl-i m mes 4< n ff>f 
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process of cutting up the parts ; and, in the second place, 'even when present 
they will be destroyed if the meat is thoroughly cooked. 

We may state, therefore, that the two great modes of infection are by 
inhalation and by ingestion of the tubercle bacillus. In the former, the 
bacilli will in most cases be derived from the human subject ; in the latter, 
probably from tuberculous cows, though inhaled bacilli mayalso be swallowed, 
and contamination of food by tuberculous material from the human subject 
may occur. Alike when inhaled and when ingested, the bacilli may lodge 
about the pharynx and thus come to infect the pharyngeal lymphoid tissue, 
tonsils, etc , tuberculous lesions of these parts being much more frequent 
than was formerly supposed. Thence the cervical lymphatic glands may 
become infected, and afterwards other groups of glands, bones, or joints, and 
internal organs. It is to be noted that there is a predilection for the lungs by 
whatever route the bacilli enter the body, and accordingly that pulmonary 
lesions are not always the result of inhalation. 

Avian Type of Tubercle BaciUus {Mycobacientim avitim). In the tuber- 
culous lesions in birds there are found bacilli which correspond in their morpho- 
logical characters and in their staining reactions to those in mammals, but 
differences are observed in cultures, and also on experimental inoculation 

Growth takes place at a higher temperature, 43° C., than is the case with 
mammalian tubercle bacilH. The optimum temperature is 41° to 42® C. On 
glycerol agar and coagulated serum, growth is more luxuriant and has a 
moister appearance without the dry scaly character of the human type 
On glycSrol egg medium the cultural characters may be somewhat similar to 
those of the human type, but usually the growth is more abundant, smoother, 
and softer in consistence, and exhibits a creamy yellow or pinkish colour. In 
glycerol broth the avian type differs from the human in growing mainly m 
the form of a granular deposit, while sometimes it produces a diffuse turbidity. 
Most strains grow more rapidly on the various media than the human type 
Experimental inoculation brings out even more distinct differences, Tubeirie 
bacilli derived from the human subiect or from cattle, for example, when 
injected into fowls, usually fail to produce tuberculosis, u’hile those 
origin very readily do so (on the other hand, the parrot is susceptible to 
inoculation with both mammalian types). Fowls are also very susceptible o 
the disease when fed wth portions of the organs containing avian tuoerce 
bacilli, but they can consume large quantities of phthisical sputum wtnou 
becoming tuberculous (Straus and Wurtz). Rabbits and mice are 
laboratory mammalian animals susceptible to inoculation ivith avian tu ere 
bacilli, though others may succumb to toxic effects when large doses are use . 
In the case of the rabbit, intravenous injection results in the ^ 

greyish-white lesions in the spleen, but no true tubercles are formed , 
cutaneous inoculation leads to a peculiar chronic disease in joint^ ^ ^ u.'ith 

whilst the liver and spleen are free from lesions — a result not obtaine 
mammalian bacilli. Gumea-ptgs xohtch are so highly sitscepUbie to ^ 
tnalian tubercle bactlh are resistant to the avian type ; only a loca 


produced by experimental inoculation. 

From analogy we might infer that probably the human subjec ^ 
little susceptible to infection from avian tuberculosis ; in fact, on > 
cases have been recorded in the humsui subject in which the .u of 

was apparently the causal agent. Nocard stated that 
the human type, when kept withm dosed collodion sacs m t e p 
cavities of fowls over a long penod of time, acquired the charac • 
bacilli, but the Royal Commission, as the result of similar exp 


obtained no evidence of such transformation. 
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Interesting results have been obtained by Winn and Petroff in the dis 
sociation of the avian tubercle bacillus four variants designated ‘ S ‘ FS ’ 
(flat smooth), ‘ R and ‘ Ch ’ (chromogenic) were separated, differing in their 
physical and chemical properties and as regards the tissue reactions produced 
by them As in their studies of dissociation of the human and bovine types, 
they found that the S forms were the most virulent and the leucocytic re- 
sponse to them was of the acute type , the R form and the chromogenic vari- 
ant were comparatively avirulent, produang a chronic healing type of lesion. 

Human, Bovme, and Avian Types m Tuberculosis o! Animals. As has 
been mentioned, in practically all cases of active tuberculosis of cattle the 
type of organism is the bovine This type is also usually found in the horse, 
sheep, goat, and cat In the pig the bovine type predominates, but a fair 
proportion of infections are due to the avian organism and some to the human 
type, the lesions being of a rather localised form. Both bovme and human 
types are found in the dog. The human t}^e is found m wild animals in 
captivity, e g chimpanzee, lemur, and monkeys such as Macacuf rhesus, 
though m the last-mentioned the bovine typw also occurs The human type 
has been observed m the parrot, which is susceptible to experimental inocula- 
tion with this organism In recent years special attention has been paid to 
the occurrence of the avian tubercle bacillus in latent or local retrogressive 
infections of cattle Infection of cows has been recorded by Plum in Denmark , 
and in such cases the uterus was specially affected, with resulting abortion 
It seems likely m view of the prevalence of tuberculosis in poultry flocks that 
dairy herds are exposed to this infection and, though it does not lead as a rule 
to active disease, the animals become tubercuhn-positive, with resulting 
confusion in the use of the lubctcuhn lest for identifying animals suffering 
from the usual bovine-type infection (see Harbour) 

As has been shown, certain mammalian animals are highly or moderately 
susceptible, as judged by natural infection or results of experimental 
inoculation, to both the human and ’ ‘ 

certain wild animals in captivity, 
the bovine type, though possessing 

human Ijiie, e g cattle, goat, pig, cai. aiiu lauun me uog. rai, aau mouse 
are relatively resistant to both types (although m mice the bacilh are present 
in great numbers in the lesions) The horse is slightly susceptible to the bovme 
type, but resistant to the human The-parrot and cockatoo are moderately 
‘ ‘ ' ' ’ ' ' ' ■ • ■ • jsistant The 

various other 
, me, localised, 


after several years. 

The Vole Type o! Tubercle Bacillus. It has been shown by Wells that the 
field vole {Mtcrotus agrestts) is affected m nature by a disease closely resembling 
tuberculosis and due to an acid-fast bacillus, which may now be classified as a 
separate lyp*^ oi tubercle bacillus > 

Great Britain Morphologically, 

tubercle bacillus, but is slightly „ , , 

and m the tissues may assume characteristic curr-ed or terminally-crooked 
forms , m staining reactions it is not differentiated from other types (Brooke) 
Growth occurs on egg media, but is exceptionally slow , glycerol docs not 
increase the growth On plain egg media the colonies have been described by 
Gnfiith as pearl) w hite and hemisphencal. or sometimes fnlled, granular, or 
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umbihcated. In broth, growth occurs in the depth of the medium wth, in 
the case of a trypsin digest broth, a slight surface pelhcie. On experimental 
inoculation of guinea-pigs, rabbits, and calves with moderate doses only 
local lesions are produced without generalisation of the infection Rabbits 
inoculated intravenously with a large dose (1 mgm of culture) die with 
appearances like those of acute miliary tuberculosis, but small doses may 
be it>n-lethal and produce only scanty tuberculous lesions in the lungs. In 
guinea-pigs large doses intrapentoneally produce a fatal generalised infection 
resembling tuberculosis, but doses less than OT mgm-. of culture are ineffective. 
Very large doses subcutaneously bring about only a localised lesion with 
some involvement of lymph glands. The vole bacillus is non-pathogentc to 
fowls (Griffith, 1942). By a^lutinm-absorption tests with antisera the vole 
bacillus cannot be differentiated from the human and borine types, but can 
be definitely separated from the avian tv^jc and ‘the organism of rat leprosy. 
Infected animals become supersensitive to tuberculin. Wells and Brooke 
brought forward evidence that inoculation of guinea-pigs with the %'ole 
bacillus produces some degree of immunity to virulent human and bovine 
bacilli , m similar immunisation experiments Gnffith and Dalling found that 
the resistance was only sufficient to delay the progress of the infection ; but 
in calves which received the vole bacillus, they found more definite ei'idence 
of immunity More recently Brooke and Day ha\'8 reported further experi- 
mental data in fa%'our of the immunising properties of the vole bacillus in 
guinea-pig^ Attention has been drawn by Young and Vetterson to severe 
effects produced in cah'es. rabbits, and guinea-pigs after inoculation with 
young cultures of a recently isolated strain of the vole tubercle bacillus 
They suggest that no living strain should be used for the purpose of immunisa- 
tion in man before exhaustive tests have shown the maximum virulence which 


it can attain 

Persons suffering from tuberculosis show marked cutaneous super- 
sensitiveness to the %’ole bacillus (living or heat-killed) injected in minute 
doses intracutaneously, the reaction being analogous to the tubcrcuhn re- 
action . and guinea-pigs infected with the human tubercle bacillus shows 
similar reaction Normal guinea-pigs exhibit no reaction (Cameron an 
Purdie) It would appear that the specific antigen of the vole bacillus is 
similar to that of the human and bovine tjT>es ' _ i ♦ r, • 

It may be mentioned that the vole is highly susceptible to inocula lo 
with the bovine type of the tubercle bacillus, but relatively insusceptible 


This 


the human (Wells , Gnffith, 1941). 

Piscine Type Tubercle Bacillus {Mycobacterium phciumj 
organism has been found occasionally m a tubercle-Jike disease of fis an 
other cold-falooded animals and is pathogenic to fish, frogs, 
snails, while possessing no pathogenicity to mammals or birds. ' 
Bataiilon, Dubard and Terre cultivated from a tuberde-hke disease in a jr. 


a baallus which in staining reaction and microscopic . 

resembled the tubercle bacillus. The lesion wnth w'hich it w’as associa 
an abundant growth of granulation tissue in which numerous gian -ce 
present. This organism, however, formed luxuriant growths at roo 
perature Growth did not occur at 37'’ C.. though by gradual acchman^^^ 
a small amount of growth was obtamed up to SS” C. This tyj^ o 
bacillus in its cultural characters bears a dose resemblance to the ^ 

of tubercle bacillus, growing more rapidlj' than the mammalian cTeamy» 
ducing a more abundant groivth which is homogeneous, moist, ® 
but difiers entirely from the avian type in its low jjsve 

and in its non-pathogenicity to birds (Fig. 52, h). M eber an 


characters closely 
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cultivated a similar organism from mud, and also from organs of health)’ 
frogs, and it has been suggested by vanous writers that the bacillus is 
primarily a saprophyte which sometimes invades the tissues of cold-blooded 
animals with or without associated lesions UTiether such lesions should be 
classified as tuberculosis is open to question. Reference will be made later 
to the saprophytic acid-fast bacilli. 

It has be<n stated by different expenmeotets that it is possible to tnodily the human 
tubercle bacillus by allowing it to sojourn in the tissues ol cold-blooded animals, e g the 
frog, blind-w orm, etc , so that it flounshesat lower temperatures These results haw, how - 
ever, been called in <iucstion, as it has been pointed out that the organisms obtained v. ere 
other acid-fast bacilli which may be found in the tissues of normal cold-blooded animals 

Allergy in Tuberculosis. The account of tlie effects of the tubercle bacillus 
given above shows that it produces toxic substances which both act on the 
surrounding tissues and also affect the body generally Nevertheless the 
organism docs not produce separable soluble toxins m fluid media . the toxic 
substances are bound up wnth the substance of the bactena, that is, are 
endotoxins. Also, in the course of a tuberculous infection, supcrscnsitive- 
ness or allergy is developed toward constituents of the bacillus, t'l; the specific 
proteins or protem dcrivativcsof the organisms This was ongvnally observed 
by Koch on injecting a second dose of the bacilli into a gmnea-pig which had 
been infected prc\ iously At the site of the second injection an area of acute 
inflammation and induration developed within two days, the overlying skm 
became necrotic and later sloughed, wnth a resulting ulcer which finally 
healed (' Koch's phenomenon ’) The second inoculation was thus ineffectiv c 
in producing n further tuberculous lesion, while, of course, the original infec- 
tion was still progressing Koch also noted that dead bacilli could produce 
similar local reaction in a previously infected animal. He concluded that the 
reaction W'as due to chemical constituents of the organism and prepared 
vanous products from cultures, the so-called fM6miWin. with a view to obtain- 
ing the active constituents m a soluble form Tulicrculous jwrson.s and 
animals exhibit marked allergy to tuberculin, manifested by a Incat reaction 
at the site of introduction of the tubcrailm, by a gfiirra/ reaction, indicated 
by malaise, pyrexia, etc , and also by a Jocal inflammatory reaction around the 
tuberculous lesions ThcbC reactions accordingly supply a means by which 
the presence of tuberculous foci in the body can be recognised . tins consti- 
tutes the diagnostic use of lubcrculin. Wlien a sufiiciently largo dose of 
tuberculin to 0-5 c.c 1 is injected subcutaneously into a gumea-pig which 
has Income infected following inocuhation with bacilli four or five weeks 
previously, the animal dies in six to thirty hours and exhibits poil mortem .a 
severe inflammatory rc.action wnth h-xmorrliagc at the sites of tnlicrculous 
lesions. Tlie condition differs from anaphylactic shock especially m rc-.jx'ct 
of the long interval iKforc death . al-'O passive transference of 5Ui»crscnsitive- 


liciiig uiccr.itixl and cast off (as in the Koch phenomenon) He strongly 
.Ills ocated tulwrcuhn for thcrajxrulic puqioscs, and the various forms of ttilxT- 
ciilm were pro<liiccd with a view to getting a suitable prcjiaration It soon 
tame to lx* rpcogniscd, however, that the adnumstration of tulxTriilm in the 
•loses then uvod (*loscs sufiicicnt to pro*lucc a general reaction) might Iw 
attended bv li.irm. and the use of tul'creulm in this way was aKindon*xl 
At a later jx-no*! treatment In tulweuhn was resiimcil, but w.is carne<l out 
VMth vcr\ nuuh smaller do^cs, in fact with iloscs insufTirirnt to pnxhnc 
systemic disiiuli.infc , and fas ouralile results have l*een claimed, thoiij:h tlic 
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therapeutic value of tuberculin has been questioned by many clinical 
observers. Tuberculin employed in this way might possibly act as a stimu- 
lant of the tissue around the tuberculous lesions and thus be beneficial . it 
might aid also by leading to the production of specific antibodies. But in any 
case it must be regarded as only an auxiliary agent, and even then only when 
employed with care and over a considerable period. (For varieties of tuber- 
, culin. Vide p. 266.) 

Tuberculin Tests. The original method employed by Koch for eliciting 
the tuberculin reaction was that of subcutaneous injection, and with it al) 
ty’pes of reaction — local, general, and focal — ^are seen 

Suhcutaneous method {Koch). A positive reaction may be produced m 
tuberculous subjects by the injection of 0*001 to 0*0001 c.c. of the ‘ old ' 
tuberculin (described below). A local inflammatorj* swelling occurs at the 
site of injection, and this is accompanied by a rise of temperature, usually of a 
short character. Thera is also a focal reaction around any tuberculous lesion, 
and if the lesion is visible, e.g. lupus, this is indicated. by an inflammatory 
redness, which may be followed by ulceration. In the case of a pulmonary' 
lesion there may be signs of irritation — tendency to cough, increased expec- 
toration. increase of rales in the chest, etc. This method is not used now for 
diagnostic purposes in the human subject. 

Cutaneous test of Pirquet. This is carried out as follows : The siin. 
usually that of the fle.xor aspect of the forearm, is well cleansed \vith ether 
and allowed to dry. Two drops of tuberculin are placed on the prepared 
surface about 4 inches apart, and then midway between the two drops a small 
area is scarified with a metal borer constructed for the purpose ; in the pro- 
cess only the epidermis should be injured and blood should not be drawn 
This serves as a control, any reaction which follows |in this being merely’ a 
traumatic one Similar scarification is effected through the drops of tuber- 
culin, so that the scarified spots are exposed to its action Small portions oi 
cotton wool are placed over the drops to prevent the tuberculin from 
off. and the latter is allowed to act for ten minutes. After that time the 
cotton wool IS removed . no dressing is required The ‘ old ' tuberculin, as 
originally prepared bj- Koch, is used. In the case of a positive reac lo 
an inflammatory redness and swelling make their appearance round the si 
of tuberculin inoculation, generally n-ithin a few hours, and the en o 
twenty -four hours there is a distinct inflammatory papule about half 
m diameter, with a somewhat paler centre like an urticarial wheal ; some i ^ 
in the centre there are minute vesicles The maximum effect usually 
Within forty'-eight hours, and after that time the reaction gradual y re« 

Such IS the typical reaction, but of course slighter, and also more in 
actions are met with. In a negative reaction all three points of scan c 
sliow merely a slight traumatic redness which soon passes off. j, luted 

Iniraciitaneous method of Mantoux. In this modification 0*1 method 
tuberculin is injected into the cutis by means of a fine needle. e 
of successive graded injections is specially recommended. or 
dose a I . 10,000 dilution of tuberculin in 0*5 per cent, pheno - , ^^^,3 

Should this fail to cause a positive reaction consisting of an are ° 
or erythematous infiltration not less than 5 mm in dilution 

forty-eight to nincty*si.\ hours, the test is repeated with ^ \ ' tuberculin 
If the result be again negative a re-test is carried out ivitn J 
and. if negative again, with a 1 * 10 dilution. Ke-tests shouK previous 

'vithin a week or after an inter\'al of several months foHov'i 8 violent 
injection in order to avoid the possibility of sensitisation ca g 
reaction in the intervening period. 
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The ophthalmo-reaction of Calmetle A dilate solution of ' old ‘ tuberculin, after 
punfication by precipitation \nth alcohol, is instilled into the cje. A positi>e result 
consists in an acute inflammatory reaction of the conjunctiva, which reaches its maxi- 
mum usually six to ten hours later Inflanitnator)* reactions of considerable seventy 
may sometimes occur and this method is not to be recommended for routine use 

TJie general results obtained by these methods appear to correspond 
closely. A marked positive result is nearly conclusive as to the presence of a 
tuberculous lesion, though not necessarily of active nature. In cases of 
latent tuberculosis the reaction is sometimes obtained, sometimes not 
Again, in very advanced cases of tuberculosis, especially a short time before 
death,'.a negative result may be got , in some of these cases Pirquet met with 
a colourless papule or a livid spot without exudation, conditions i\hich he 
ilcscnbcd as indicating a ‘ cachectic reaction Also, in measles the skin is 
tempor.inlj insensitive to tiiberciihn. Tlic cutaneous and intracutaneous 
methods arc those which ha\e been generally used The former is the more 
rcadilv ajiplied, but the latter is the more delicate The behaviour of the 
general pojnilation m Eurojic and America has now been extensively inicsti- 
gated In means of the tuberculin reaction It has been found that while the 
neW'lHirn arc insensitive even to large doses, as age advances the ntimlicr of 
those who react jKJsitivcly incrc.ascs stcadil) until in .adult life it becomes very 
htglu reaching Sd per cent or more, according to the particular country and 
wliethcr an urban or a rural population is cx.immcd These results taken 
along with the pathological estdcncc, which tends in the same direction, 
indicate that a great proportion of the population l>ccomcs infected and tliat, 
actonlingly, the prevalence of tuberculous infection is much higlicr tlian piirelv 
climr.d ob^cr\atlons would sugge^st The value of the tuberculin reaction as 
an imlKation of active infection is therefore grcatol in \cr\ young children 
It IS generally agreed that while infections with Imman or bovine strains 
re.ict practically ciiually to tulierciilins pre|Kircil from either tvf»c of tuliorcle 
iMCil/f. flirt react mucji less intensely to .iti.in fuberculin .ind vice vcrs.i 

Owinf? to the eery hic|h st.'ibility of tqbercuJm towarU- heat .‘iml the tenacity with 
whivh It flitherci to apparatus, all S)rinecs and clasnwarc connected with itsi uv* shouM 
Ik- rr>tnctid to this purp<*se (I’ati^h and O'lJrien) 

The use cf OtJ Tsihercultn in <*« dsttgnosss of luberettfous irt eatlle In cattle, tuber- 
culosis mai be prc-<iit without giMru; nse to obMou* symptoms U thus import- 
ant from the p^iinl of slew of human infectinn that an r.irJv diagnosis should be 
midr The original inethoil H applied aa follows The animits are kept twent>-four 
hours in tlieif stiill* mid the Irinperntup- 1« lakrtt esrr\ time hour* from four hour, 
before the injection till twenty-four after. Tlieaserace trmperitureincattle is JfC 2 1 
30 to to centigrams of tiiberciilm are injectnl sui<utxneousI) , and if the animtl I>e 
lulxrculous the tcnifierature rises 2 it 3 I- in eight to iwejce hours, and contin«e» 
elc\ stcsl for ten to twels e hours Itiog. who Ins done much work on the suhp-ct. Iiid 
<Iown the prin.iple that the more neafi) llie trm(ierature .spj'roirhes JlM I tJie more 
reacx)n for su»pu ion is iJierr tie g is e a recunl of 2snca«es where the s .ilue of the melhi"! 
w.is te«tr.I In siilise-iuent fswt mortem esammation He foiiiid tint with proiser pre 
ciution* the error w.as onl) 3 3 |>er cent Th*- methml his tirpn Jirire/} j‘ractise.j m alt 
part* of the world and is of j. rr.it salii.- It ma> lie noted that if » pO'ilive reiction is 
present It mat ilisapiv.ir after rrjs-it«| injections 

The J.'iilJe infra iff mat lest intr.olaifsl In tlir Tuliefculin t ornmillre of the .^Ie<l»• al 
Kevanh loiiniil has teen wiJelt aio-j.ir.l as siefdmg results more tnistworthi and 
eaiiei to interpret than the srits iitaneons mefh'si fn this perceijiirr a fold of ihairit 
skin near the mi M!e ifileariiinils ne. k is taken op Is-iwren the ihiit'ih and h-refincrr 

• (1 e |efi hand and its t.hx knrss is tnrisuieil with laliprrs tlrnOlci unihtiilr.| ohl 
tiileitnlin Is injesled as deejii as jswsiMe wilh'iil prijetfaimc Into tJie sula utane..ijs 
tissue \! the end ■ f ft ttv eutii l.t urs ll e < hataiter an-] thi< kness. f ans swrUnR alt he 
site . I njes ti tn are inilrtl \ f>'>silise n-s-jll is trdKatesI bv a large (li‘'use swelhnc with 
■ II .Ir'ionl r.U-'s wi.i h IS h..t ar.t lei.der H. tv-weser there i. /els a hard inMtrati m 

• file sire < I a |<ra or lean will.* ul l.eJt of te*) lemess i*,e result «s rn. ■•r.' lasts e an.! a 

.-ml injes ti rti I the MMe tl M- IS fe.jj»ireil the laltrt ts rud- at .’TS. e in*o tfe .entre 
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js shown by an inflanimalory sv»cHin*; with the same characters as those obserscd m 
animals which react positively to the first injection. Hy this method, out of 63*» animals 
which had shown no reaction to the subcutaneous test, l:'2 reacted positively to the 
double rntradcrmal test ; Dt of tlie latter came to e.vamination post marlem, and alt of 
these were found to Ih-* tuberculous. 

By the use of the purified protein derivative (eiife iii/ra) a single intradcrraal test can 
now be reliably carried out. 

A di/Ticulty has recently come to light in the use of the tuberculin test in cattle doe to 
the fact that these animals may bdconic infected with the avian tubercle bacillus which 
produces at the most only slight retrogressive lesions Hus infection, however, renders 
the tuberculin test as hithertocarricd out, positive. To overcome the difficulty the prac- 
tice has recently been adopted of testing simultaneously with a Mvine andanaviantj-pc 
tuberculin . an animal with an avian type Infection reacts more strongly to the avaaa 
than the hovinc tulwrculin " 

Varieties of Tuberculin, The following arc the most important of a number of 
prepar.itions which have been used. (1) Koch's Old Tulerc\tlin. This con'ists of a 
sis-weeKs-ohl culture of tubercle bacdli per cent, glycerol broth, evaporated down to 
a tenth of its original \ olumc. l.it(cd by heat, and fdtcrerl 

Sttiiii/ardtsalian of Tulereiilin * The potency of preparations of tuberculin is defer- 
minetl by comparing their effect on tul^rciilous gninca-pu’s with that of a stanAird 
product 

thestanda. . • . 


of .it least ! • - ■ ■ 

the injectK 

of 1 ono tn I -I.OflO Another method consists in selecting tuberculous guinea^igs at 
a stage of the infection vv lien a sulicutaneous injection of li I c c. standard tubercului 
hills 50 per cent of the animals That concentration of the preparation under ° 
wliith t» I c c subcutaneously produces a similar mortality is taken as eqoiialcnt 1° Ih 
standard The subcutaneous injection of 0 .'I c c. of old tuberculin causes no ill-efirt 
in a normal guinea-pig . . 

(2) TuUreuUn-0 Masses of living bacillary growth from surface cultures are anw 
invoeuo, ground man agate mill, treats with distilled *vatef and centnYugco toesu^ 
natant clear fluid constitutes the tuberculin As tt gav'C no cloudiness on the adoi lo 
gljcerol. Koch concluded that it contamevl the gljxerol-solublc 
' old tulwrculin which were looked on as responsible for the necrotic eiJects proo 
b} the latter (vide supra) . 

(31 TubercultK‘R The dcpvisit in the preparation of fubcrcuhn-0 is again 
up in distilled water, centrifuged, and the clear fluid set aside , the process is pe 
with the residue until, on contnfugtng. none u left. The successive su^rna 
are mited and concentrated, and constitute the tuberculin. As this fluid gav 
ness With gljterol, Koch considered it conl.iined,the glycerol-insoluble cons i 
the ' old tuberculin ' rtned and 

(4J Koch's Xew Tubereulm {fiazillenemulsion), A is thus 

ground m 50 per cent glycerol m water till a clear fluid results This tuber 
eijuivalent to a mixture of tubercuIm-O and tubercuhn-R , tubercle 

(5) Tuberculin from cultures on syntheUc media By using r~e from 

bacilli on synthetic media a tuberculin preparation can be obtained wme 
any non-specific action such as may be produced by proteins cn^rific orotein 

culture media (Douglas and Hartley} It has also been shown that tne sp yi 

of the tubercle bacillus, on which the taherevhn Kocuoti nj jijundayj 

purified formand usedasatubercuJinforclinicaltests(Cl.ukfiflf ’ 

These facts support the specific nature of the active sub»tances m | tubercle 

Seibert's modification of Sauton’s medium yields an abundant grow 

bacillus 

5 erms 

Asparagine . . . . • • ^ ° 

Ammonium citrate . * ' " 3 i' 

Potassium acid phosphate . . • ' _ 

Sodium carbon.ite (anhydrous) 

A Sodium chloride ... " ' I •• 

Magnesium sulphate . - • • , 0 05 

Ferric ammonium citrate . ' * ' <50 


‘ The Therapeultc Substances Regulations prescribe that 
p lied commercially must be standardised by an approved me 


Wbercolm before bemf 
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^yTuh^rcitltti ‘ Purtjied Protein Denvalive {^P.P.D ). The production of 
purified tuberculin has been developed by Seibert et al , tlie resultant product 
(purified protein derivative) being prcserx’cd in a drj' state in which form it 
remains stable for three 5 -cars at room temperature. Long and Seibert’s 
medium has been used for growing the organism and in this way a preparation 
analogous to ‘ old tuberculin ' is first obtained. Proliminaiy- punfication is 


to poU-sacchande : the latter is rcmo\’e(l bj' treatment with trichloracetic 
acid, the resultant precipitate consisting of the protein derivative ; this is 
separated by centrifuging and dried to a fine jxnvdcr by a special technu^ue 
(see I’ansh ; Doig et al.). 

Immunity. In tulierculosis we meet with certain phenomena unlike those 
m acute infections against which a solid immunity may be acquired. In the 
first place, the local reaction around the bacilli pia 5 's a very imiwrtant part, 
as It represents a stniggle between the tissues and the bacilli in which either 
mav !« successful It is now a well-rccogmscd fact that infection .and 
subsequent cure take place m the early years of life in a harge proportion of 
individuals, and that cure may follow even when the lesion has been of con- 
siderable extent The tissue reaction around the bacilli tends to localise 
them and .also their products The conditions for difltision of bacterial pro- 


assumed tli.it healing of tubcrculosisin e.arly life brings uith it a certain degree 
of immunity lividcnce of healed tuberculosis, usualh’ m the lungs, is fre- 
quently found in adults, ami it is supposed that the appearance of actix'c 
disease may be due to the lighting up of a dormant lesion J t is .-iL'O often due. 
however, to fresh infection, and this is indicated by the fact that in practicalK 
all cases of adult tuliorrulosis the b.acilli present arc of the human ttyv In 
cither case, depressed rt*sistancc from iindcr-nutntioii and like conditions, 
owing to their overcoming any immunity and leading to susccptibihtv, are 
rccngnisol .as important f.nctors in the devTiopinent of active disease It is 
possible that the n-siiU may vary abo acconlmg to the \anilence of tlie 
iiv\cilli, but vaih reg.ird to tins little is known 

1 he serum of imlividiMls .ificctcd with tulicrculosis has Ik-en mvesiigatcd 
(or the presence of sjiccilic .miibothes . and agglutinins, prctipitms. 0 [>sonins. 
and lonipIcmcnt-fiMng immime-lio^hcs have all been demonstrated The 
uniiplemcnt-fivaljon reaction with jMtients' »er«m has somelimes N'cn 
itiiliseil (or diagnostic puiqwves, but is onlv of hnuteil value . the rc.artton is 
usimlli most {)ronoiincc<l m chronic infections of fairlv wide extent, though it 
m.»\ Iw cjtiite altsrnt when the lesion iv cniajwtilitecl or ciuiesirnt and also 
when the ilisc-av is advancing mpidlv to a fatal termination .\gehiMnins 
ohminevl b) injecting .inun.its with dea<! bacilh have been eniplovrxl for the 
{)iir|)Ovc of Lompanng ihf/ereiit strains of bietlli .ind studnng their serologir.il 
< hararters rulloch .md lus ro-wofkcrs found that the stmms of the immin 
tuU-rcle IvKiltus formexi one wtll-slefmed srroh>gic.il groiij*, tlure l»>*ing 
cvidentr «if Ihr rxisfenee of multiphntv of t\j*es %Vilson (iy2>) came to the 
«-imr *iin<hivinu, and found .il*<» that |y»nne and hiinnn sir.nnv are jndiv 
tniguislnhle li\ .iggliilination tests thus these two tvjx-s jwHsesv the s.imr 
sj>iMlK .mtigcn Allergic tcvcli'ms with tubereuhns from hiitnin .ind l»>Mnr 
strains a|v» ilhistrite the antigmir tdnititv of the two tv {«-s On the other 
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hand, the avian type can be differentiated from the mammalian strains 
by serological and allergic tests and apparently possesses a different anti- 
genic component, while at the same time showing a group reaction due 
to a common antigenic factor. Ebina has shown by agglutinin-absorption 
that the acid-fast bacilli from cold-blooded animals and the saprophytic acid- 
fast bacilli can be distinguished from the human, bovine, and avian types, 
but draws attention to the group reactions observed by direct agglutination 
tests among all these organisms. It has been thought that the essentia! 
mechanism of immunity may be opsonic in nature and at one time tuber- 
culin was used for therapeutic purposes with the object of increasing the 
opsonic power of the serum towards the tubercle bacillus, the treatment 
being controlled by the opsonic index. It should be added that anti- 
bodies may result from the injection of large doses of tuberculin in normal 
animals. But it is not clear whether, and if so to what e.Ktent, the presence 
of antibodies can be taken as an indication of increased resistance to 
tuberculosis. 

It has been generally assumed on the basis of early negative observations 
with killed-culture vaccines of the tubercle bacillus that to confer any con- 
siderable degree of acquired immunity against tuberculosis, it is necessary 
to inoculate the individual with living, although attenuated, bacilli ; and this 
resistance probably disappears soon after the body ceases to harbour the 
living organisms, Calmette and his co-workers obtained successful 
by immunising animals with a culture of the bovine bacillus which had been 
attenuated by growth for many years on a medium containing bile , this 
is generally known as ' B.C.G. ' {BaalU Calmeite-GMerin) ■, and there has 
been a wide measure of confirmation of their statements {vide tnjra). 
These findings go to support the view that the healing of a tuberculous lesion 
in earlier life leads to a certain amount of immunity. They a«o m 
accordance \nth the fact first brought forward by Koch that a tuberculous 

animal reacts differently from a normal animal to a fresh infection. In 

former the resulting lesions remain localised, while in the latter there 
a spreading infection It should be noted that according to recent obse 
tions on man and e.xperimental animals dead bacilli can stimulate a e n 
though limited degree of protective immunity, but this is , 

parable with that produced by the living organism (see Griffith an • 

Opie et at ; Wells et at ). Experimental work of Lurie has indicated a 
phagocytes of immunised animals have an enhanced bacteriostatic e 
tubercle bacilli as compared with similar cells of normal indi\nduals • ^ ^ 

is independent of immune-body fluids. Thus ‘ tissue immunity m y 
factor in acquired resistance to tuberculosis. 

Retadons of allergy to tmnnimiy. Romer showed that tuberculo ^ 
pigs were resistant to a small reinfection ; and he emphasised tna ^ ^ 
of supersensh 
violent reacti 

He assumed t . uuii.**' 

same way, though a massiv’e reinfection may overcome the f 

to ulcerative tuberculosis of the lung Many other observers a 
inclined to correlate resistance ivith allergy. In this , as corn- 

noted that dead bacilli produce only a transitory h.. jiring 

pared \s ith the typical allergic condition resulting from mlee j^fection 
organisms It has been supposed that the allergic response to . operate 
bangs about a rapid mobilisation of the same defen^ve js more 

in the normal animal The e\'idence also indicates that pnag ^ e 

active in the allergic individual. On the other hand, certain 
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claimed that allergy and immunity are not necessarily correlated and that the 
siipcrsensitivc state may, in reality, bean adv-ersc factor (Rich), Thus Se«all 
and his co-uorkers have found tliat in guinea-pigs supennfected after varying 
times follo%\ing a primary infection resistance tends to be inicrscly propor- 
tional to cutaneous allergy. Although at present no definite conclusions can 
be formulated regarding tins question and though allergy may not necessarily 
indicate increased resistance, nevertheless it is clear that allergy represents 
one phase of the reactive mechanism on uhich immunity depends Much 
may depend also on the degree of allergy, a high degree ha\ing an adverse 
clTect by mtcnsifv*ing the local lesion, while a moderate degree may c>:ert a 
protective action {see Clayson) 

Active tmnitimsaiion of the human subject, etc In view of the apparent 
avirulence of his culture B.C.G. {vide supra) for the various species of animals 
susceptible to tuberculosis, Calmette initiated the immunisation of infants 
with It Since in the new-bom the alimentary mucosa is held to be highlt 
permeable, several doses were given by mouth snthin the first ten davs after 
birth, the object being to confer protection at the most susceptible jx?riod 
On experimental grounds, immunity was believed to be well developed a 
month later The vaccine has now been c-xtcnsivcly applied in France and 
certain other countries The original method of administcnng B C.G b\ 
mouth has been generally replaced by subcutaneous or mtraciitancous in- 
jection Cutaneous administration by ' multiple puncture ' has also been 
specially recommended. The dosage of culture depends on the mode of ad- 
ministration orally, three closes of 10 mgm. at forty-eight hours' mters'als . 
subcutaneously, one dose of 0 00C> to 002 mgm ; and intracufancously. one 
dose of 0 0.’» to 0 .1 mgm Objection has been taken to the procedure on the 
grounds Ixith of its efficacy and its safety .\s roprds efficacy, fasour- 
nble statistics published by Calmette have been criticised by Grccnwocxl 
and others, and it h-as been concluded that the value of the method is 
still unjiroved On the other hand, sinking observations have liecn re- 
corded by Heimbcck as to its protective value in (he case of nurses, ongmally 
rc.ictmg negatively to tuberculin, who were injected witli the vaccine as 
to render them jxisitivc rc.-ictors to the Tirqiict test before taking up duly in 
liospital Irvine has shown tlial among over a million v accinated infants no 
aullicnticatcd death ccniM Iw attnbutcil to the vaccine, and mo^t of the 
v.acrinatcd individuals wlio died and were examined />os/ mortem had no 
pathological signs of tulwrculosis A statistical study of the results of B (* (. 
vaccination in voung children in Can.id.i lias indicated that those trcateil 
had a significant advantage as coniparcil with the controls, nmrtahtv and 
morbidity rates lieing significantly lower (sec llojikins . B.iudouin . and 
Holm) 

I he inmiumty to tnl>crciilous infection conferrcil by B C (i on i .ih cs and 
otlicr .inun.ih is o| sjiccial significance ami provides ki far a U’tler rne.ins of 
.issesMnent of B.< (i than st.itistK.il<l.iia innian. Immiimvilion of calves bv 
li ( (i has iKs-n the subject of a senn* of observations bv Griffith and IJiixton 
.mil others In their earlier expenments in whuli the animals vsrrc vaccin- 
ateil b> ihffcrent routes, alimenlarv. trachr.il. «ul>cutaneous. and intrav cnmis. 
and v»crc suliMfjurntlv mocuhtwl jnlravcnousl> with fullv virulent l>rnine 
lulK-rcle lunlli, increases! re<ist.ince was cle.irlv demimstrateil after intra- 
sTiious V an nut ion. while vact ination hv the other routes w.is of doubtful or 
varublectlK.ics In .ill the rxpcrinirnts Hirfc was grc.il inthvidtijl i.inition 
in theilegrveof resist am e In sulrseqiicnt tests in whn Ii a double intraserxiiis 
injrrtion of the v.icune was given, it was found that three months after 
sai i malion th'* resistance nr iinst nrallv administrrisl virulent organM-ms ssas 
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complete. In later experiments the duration of the increased resistance was 
estimated : as before, a complete immunity to oral administration of virulent 
organisms w'as demonstrated three months after vaccination ; at six months 
the protection was almost complete, but after nine and twelve months a 
progressiv’e decrease of resistance %vas noted. Moreover, further vaccination 
did not completely restore the declining immunity. Buxton and his co- 
workers have also shov\-n that calves injected intravenously at six-monthly 
intervals for a period of three years were completely or almost completely 
resistant to oral administration of virulent bacilli ; they found, however, 
that such resistance was overcome by continued exposure to infection either 
after the first dose of B.C.G. or after eighteen months had elapsed. It has 
thus been possible to produce an effective resistance, though of somewhat 
limited duration, by intravenous vaccination with B.C.G 

As regards safety, the use of a living attenuated culture might seem 
to involve the risk of virulence being regained. In calves the culture 
appears to be devoid of pathogenic action (Gcriach), but in small animals such 
as guinea-pigs tuberculosis may be produced by its injection, Petroff and 
his co-workers isolated different types of colony from the culture and pro- 
duced fatal tuberculosis in guinea-pigs ; a similar result was obtained by 
Begbie, who found also that the ‘ smooth ' form ^vas the most virulent 
(p 251). Dreyer and Vollum claimed that by serial culture of B.C.G. in the 
depth of a veal broth of pH 6*8 they restored its \rruJence for the guinea-pg 
and rabbit Other workers have failed to separate virulent strains by dissocia- 
tion from B.C G. cultures Lurie has found in e.xperiments with rabbits that 
the organisms multiply in the tissues but are soon destroy'ed ; some, how- 
ever, persist in the lymph nodes without producing changes in the tissue. 
He states that though typical lesions may be produced, these resolve com- 
pletely All the evidence points to the fact that in the human subject B.C 0 . 
has no effective virulence. A minor accident attending subcutaneous 
injections is the development of cold abscesses at the sites 


Spahhnger vaccine A vaccine of the tubercle bacillus prepared by growiog 
directly from the body on medium made from the body fluids of the animal species in 
which the organism has been flourishing under natuml conditions has been advaated 
by Spahlinger The supposed object is to obtain %n vitro antigens identical to those 
generated by the organism in the living body of the infected individual Zn addition, 
no chemical or physical reaction or manipulation is cmploj'ed "which as Spaimug^ 

maintains, denaturate th. " - 

from the culture are kept 
eg lor a year or longer 

calves have been carried • , ' 

hardly be regarded as conclusive, though they suggest that a certain degree of immu > 
IS produced by the vaccine * 

Anti-Tuberculous Sera. From what has been said regarding immunity reac 
tuberculosis it mil be gathered that it is questionable whether the use of 
munity in the treatment of tuberculosis has a rational basis Several 'S ’ 
however, have introduced for therapeutic purposes the sera of animals trw ^ 
products of tubercle bacilli The clinical efficacy of these antisera has 
established 


Commensal and Saprophytic Acid-fast Bacilli. A number of speci p ^ 
senting the same staining reaction as the tubercle bacillus have 
covered Such organisms have a comparatively %vide distribution m > 

as they have been obtained from \’arioiis s*pecics of grass, butter an ^ ■ 

manure, Avater, and from the surfaces of animal bodies. Microscopiw J • 
correspond more or less closely with the tubercle bacillus, though ujpg 

are shorter and thicker : many of them show filamentous an . , 
forms under certain conditions of culture. The most impor an p 
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distinction is tlie fact that their multiplication on artificial media is much more 
rapid, K^owth usually being visible within forty-eiglit hours and often within 
twenty-four hours at 37^ C Furthermore, in most instances growth occurs at 
the room temperature, and ordinary agar is a suitable medium The general 
character of the cultures in this group is a somewhat irregular layer, often 
with wrinkled surface, dry or moist in appearance, and varving in tint from 
white to yellow or reddish-brown. 

It is of sjiecial interest that, on injection of large doses, they may produce 
granulalton tissue nodules which resemble tubercles, although on the whole 
there is a greater tendency to softening and suppuration, and usuallv the 
lesions arc localised to the site of inoculation. These pathogenic effects are 
more readily produced if the baciIU arc injected along with some protective 
fatty material. 

As examples of acid-fast saprophytes we may mention Moeller's grass 
bacillus (.lfyfo6af/rMmn fihlccx) (isolatdt from infusions of Timothv gras^h 



l-io 51 MofMi-r'* Tjin<jtb>-j:Tas» UtfiUn' * 

ffdiii cuUuff on amt .vj. (,uUiin-» ol autl- 

Zifh 1 *N«l%ru * *Hii> » 1 <«** lijolU cro'sn 4 t 

rwm» lc-mj-«*r»luiT 

Pcin’s(.lf tidyricinnl. and l{alMm)wit''Cli's(.tf 
f)<Tf>/nirii<f) butter b.icilh (Figs f'l. W). tlic 
'.Mist (dung) IwciJIus of Moeller (A/ tUrtnns). 

i-ti Koilr .uid hi«i civucrkcrsluiw Mated that a> a result of rei>e.ucd .tninial 
jussigc rctt.im of the s.aproi>hvtir acid-fast «rgaiii«ms iKi.inic cnh.inie»t in 
\iruk‘iu.e until tlies Ix’havcd like liiliercle luciih .it the same time thur 
I ulluT.d t li.iractcrs .als*> Ix'e.ime .illcred. sc> ihat fmalK llies rcsi-mbtcd the 
l.iltiT llus has not U’cn conlirme<l It ma\ In- -slid lh.it the tul'er‘le 
incilhis .ind tin* .irid-fast s.n»roph\Ui «tg.imsTn> .ire <iu»t« distiiu t 

smrgffi.i {Sfycc'wiertum swirgimi/is) This tirganism is of mij-u 

l.iiue .IS in fonn and staimng re-iction it somewhat rc-ctnhies the tulxri ic 
(milhis and ni.u (x- nuM.aken fur it ft orenrs tiftcn m l.irge numlHrs in 
sturgm.i .imi m (lie region of (he external gemtajs, rsj<ei ult\ where tlieir is .»n 
.m uiuul.dion of itiittrr from the scmtnms Murphoi-Mn ail\ it i' •» 
‘laidet sh^titli iiir\e<l orgmism like the tntKrrle )»i(iHus Imt nsuilh 
tlistuutU s|jortir(lig ’’•Al ft st.Mns with M»tnr difiu ult\ .iml resists «!»• 

< 'ih>ris.iH('n wuti strfitm mmcrjl .i«ids M'>sl tilesj-raers .jsy n)>e tlie l.nif-r ( ■< i 
f<t tlie f itt\ m itirr witli «hn Ji it ii sumeindeil. arid tind tliU if iJie «}>e< mien 
n irr.iteit \mi)i ah-ohnl the orcini'ni u. mmIv dcs ojorj«ol t/jplrwski. 
Nff will* I ulliv.itisl jt on X iiious inetba, sialr^J ijiit in ‘tilturr it sliows 
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resistance to decolorisation both with alcohol and with acids, and considered, 


points of difference in the microscopic appearances of the two org-anisms 
are quite sufficient to make the experienced observer suspicious if he should 
meet mth the smegma bacillus in urine, and lead him to apply the decoloris- 
ing test. Difficulty will only occur when a few scattered bacilli retaining the 
fuchsin are found, or if they are seen to be enclosed in a matrix of hyaline 
material. The preparation of stained films after treatment of the urinary > 
sediment with antiformin is of value in 
such cases, as organisms which lose 
their acid-fast properties in the process 
are not the true tubercle bacillus. 

Its cultivation was first effected by 
Czaplewski. On a serum medium it 
grew in the form of yellowish-grey, 
irregularly rounded colonies about 
1 mm. in diameter, sometimes becom- 
ing confluent to form a comparatively 
thick layer. He found that it also 
grew on glycerol agar and in broth 
Its cultural characters generally re- 
semble those of the saprophytic acid- 
fast badJh described abov'e. It is non- 
pathogcnic to various animals ^vhIch 
have been tested, unless verj’ large 
doses are used. 

Acid-fast bacilli are of conunon occurrence in the secretions 
external genitals, mammee, etc . in certain of the lower animals, and thee 
organisms vary m character. The term ‘ smegma bacillus proba y 
represents a number of allied species. , 

Bacteriological Diagnosis. The occurrence of saprophytic and « 

acid-fast baalli must be borne in mind in utilising the reaction of acid- as 
for the identification of the tubercle bacillus The source of ‘ 

bacilli in question is manifestly of importance, and it may be stated tna « 
these have been obtained from some source outside the body, or 
contamination from without has been possible, their recogtu wn 
tubercle bacillus cannot be established by microscopic examina 
In the case of material coming- from the interior of the bwy, 
condition must be looked on as different, and although acid-las found 
the tubercle bacillus or other recognised pathogenic species, na%e 
on occasions in active lesions in the human subject 



Fio 63. Sme^a bacilb Film prepara- 
tion of smegma. 
Ziehl-Neelscn's stain xl.OOO. 


Laporte), we have not sufficient data for saying l.,-- -w.- -- tissues 

than the tubercle bacillus and the leprosy bacillus flourish %vi ^ 
of the human body, except in such rare instances as to be , 

gible. Accordingly, up till now, the microscopic e.xperi- 

cannot be said to have its validity shaken, and the results o , -fh^s 
ence show that such examination is of practically unvar>nng ,. ^323,0 

tuberculosis is one of the comparatively few diseases in Nevertheless, 

usually be definitely made by microscopic examination a on • 
the facts established with regard to other aad-fast bacilh m bacilh 

fully in view, and great care must be exer<ased when only 


that acid-fast bacilH other 
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are found, especially if they donate in their morphological characters from 
the tubercle bacillus. In such cases animal inoculation may be the only 
reliable test. 

As regards the relative delicacy of the several methods for detecting the 
presence of tubercle bacilli, it has been shoKm that in order to demonstrate 
them by microscopic examination of fairly thick, stained smears of sputum 
there must be more than 100,000 per c.c in th&spccimen, whereas 10 to lOO 
bacilli (weighing less than one-millionth of a mgm.) of average virulence will 


matenaj fail to become infected 

(1) ^ftcroscopic examiitalton In the case of sputum, one of the yellowish 
fragments which are often present ought to be selected , dried films arc then 
prepared in the usual way and stained b}’ (he Ziehl-Xeelsen method When 
acid-fast bacilli are not found after ten to fifteen minutes' e.vamination of a 
stained film, instead of prolonging thesearch.it is advisable toexaminc further 
sjiecimens. In cases where the sputum isswallov\cd as is habitual wth young 
children, washings from the fasting stomach or f.tces may be evamined, or 
the examiner’s finger, protected by a rubber cap, may be passed to the back 
of thephar>iix and a specimen of sputum soobtaincd Alternatively, a throat 
swab may be used. In the case of unne or other fluids, a deposit should first 
be obtained by centrifuging Film preparations are then made from the 
deposit and treated as before To avoid risk of contamination with the 
smegma bacillus, the meatus of the urethra should be cleansed and the urine 
first passed should be rejected, or the unne may be drawn off with a stenle 
catheter As stated above, it is only e.xceptionally that difficulty will arise to 
the experienced observer The best results in the examination of urine are 
obtained by using the sediment of a (uenty-four hours’ sample and treating 
It with antiformm {vtde tttjra). Cerebro-spinal fluid may be centnfu^ed and . 
films made from the sediment, but if the ' spider-web ' coagulum (highly 
characteristic of tuberculous meningitis) forms m the specimen, films should 
be made from it and these give better results than the centnfuged deposit 
The most satisfactory method of examining the coagulum is to withdraw it 
from the fluid and spread it out on a slide when it can be dried and stained. 

The detection of tubercle baalh by microscopic methods in sputum, pus, 
faces, and even tissues, was greatly facilitated by the introduction of the 
preparation called ' anti/ormin ’ This is a mixture of equal parts of a solu- 
tion of chlonnated soda (B.P.. 1914) and of a 15 per cent solution of caustic 
soda. It has a remarkable disintegrative and dissolving action on the tissues, 
etc , so that after it has been allowed to act on sputum, for e.xample, and the 
mixture is centnfuged, the resulting deposit is scanty and the bacilli, if 
present, are accordingly greatly concentrated The time necessary may be 
judged by the appearance of the mixture, but it will generally be found that 
the desired hqueiaction will be obtained after about an hour if 1 part of 
sputum be added to 3 or 4 parts of 15 percent antiformm , the mixture should 
be kept at 37® C. and shaken from time to time, especially when the sputum 


It should be noted that saprophytic acid-fast bacilli may occur m distilled 
water as used in the laboratory and m tap-water and often m smears from 
laboratory water-taps This introduces the possibility of fallacy where water 
IS used for microscopic preparations, e.g. from cultures Containers for 

i8 ' 
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sputum, etc , should never be closed with cor)<s, .is these tend to harbour 
add-fast organisms. Further, unused u'cll'clc.ined slides sliould be employed, 
since bacilli deposited on the ghiss .are difficult to remove. 

(2) Animal tnocnlalion. The guinea-pig is the most suitable animal for 
botli liuman and bovine types. If the material to be tested is a fluid, it is 
injected subcutaneous!}’ or into the peritoneum ; if solid or semi-solid, it is 
placed in a small pocket under the skin, or it m.ay be thoroughly broken up 
in sterile water or other fluid and the emulsion injected. Intramuscular 
inoculation in the thigh is advantageous, as there is then little tendency for 
the local lesion to ulcerate. By these methods material in which the tubercle 
bacillus cannot be found microscopically may sometimes be shouu to be 
tuberculous Where other organisms arc prc.sen t, preliminarj’ treatment uith 
antiformin is advisable. A negative result in the inocuhiion lest should not 
be recorded unless the animal has siiiadved siv weeks and no lesions are 
present. Lesions in inoculated animals must always be c.vamincd for the 
presence of the characteristic acid-fast hacilli, since pseudo-tuberculosis pro- 
duces changes, usuallj’ in the liver and .spleen, which to the naked eye 
resemble those of tuberculosis. 


The tollowinj:' niethtxl af flaswcll Wilson for treating liwucs is to be recommended 
TIic tiMue to be investigated is cut up into small pieces uith scissors, and is thoroughly 
rubbed up in a mortar with a small amount of drj* stcriJe quartz sand. The nibbing up 
• ' ' "issible. and the mstenal 

• mortar arc then washed 

• The sand is allowed to 
sediment for a few minutes ■ as it falls, it cames down with it any coarser particles cf 
tissue which remain The so pernat.ant fine suspension is then pipetted off, and thoroughly 
mixed With an equal volume of Ifi per cent antiformin. After five minutes^unog 
which It should be stirred continuously, the nuxtute is ccntnfuped at high speed fora 
few minutes, and the supernatant lltitd is discardeil The sediment is shaken up with 
steriie saline solution and .again ccntnfugcil The shaking up of the sediment wits stem* 
salme solution and cetitrifuRiuR are earned out three times in all, so that no trace o 
antiformin remains The sediment resulting from the fin, si centrifuging is uMdformamg 
cultures (see below), or. after emulsifying with a convenient amount of stenJe saw 
sulutiun. is injected into a suitable animal 


{3) Cu/liva(ion The t,urcsl method of obtaining pure cultures is o 
produce tuberculosis in a guinea-pig by inocufation with tubercu/ous materta , 
and then, killing the animal after four or five weeks, to inoculate tubt5 o 
egg medium, under strict aseptic prcc.iutions, with portions of a 

organ, eg thcsplcen Thcportionsoftissiiesiiouldbefairlylargc.ands ou 

be well rubbed into the broken surf.ice of the medium "L 

however, be obtained from sputum, tissues, etc. after treatment 
as described m (2) above. If, then, inoculations be made 
on egg medium and glycerol egg medium, pure ciihures of the “ . 
bacillus may be obtained The method is one which gives goo , 
The Lowenstein- Jensen medium maj’ be specially recommended lor o 
primary growths of the human type of tubercle bacillus. 

Petro/f's method (modified; is also recommended as giving aoda 

this, sputum is shaken with three to four tiroes its volume of 4 per ^ shaking 

solution, and the mixture is placed for half an hour in the ^ , 3 r.P m 

being repeated At the end of this time it is centnfuged for hall an I'® . ^ utmus 

The supernatant fluid is then pou^ off and the sediment » . moculated on 

paper with 8 per cent HCl added drop by drop The deposit is nn > 
egg medium containing 1 ■ 10,000 crystal violet m /^a hoRiogeDe°“® 

Carper's method. Onecc of sputum or other material. »n we ^ of sulphu”*^ 

pulp, IS mixed in a sterile 15 c c centnfnge tube with 1 c ® ‘ 

acid made by adding slowly 17 c c concentrated acid, sp g > at 3T C. fof 

the final volume is 600 c c. Mix thoroughly, stopper the tube. 
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thirty minutes, shaking several times , then dilute with 10 c c sterile 0 85 per cent 
NaCl solution, mix well, and centrifuge hlake cultures from the sediment Alterna- 
tively, after treatment with acid, the centnfugalised deposit is neutralised with caustic 
soda and cultures then made 

The direct cultivation of the tubercle bacillus from pathological matenal 
by the above-described methods has been extensively used for diagnostic 
purposes and positive results may be obtamed when microscopic examination 
fails to reveal the organism It musl be remembered in using direct cultiva- 
tion that saprophytic acid-fast bacilli may sometimes be grown from patho- 
logical material and that these may be mistaken for the tubercle bacillus. 
Therefore, if growths do not present quite typical features, the result should 
be checked by animal inoculation with the cultures. 

(4) Heactive phenomena. The tuberculin reaction, along with the methods 
of applying the test, have been described above. 

(5) Some use has been made of the complement-fixation reaction with 
patient’s serum for diagnostic purposes, though this test has only a limited 
practical application The principle of the reaction is similar to that of other 
complement-fixation phenomena and the system adopted in the Wassermann 
test may be followed The antigen is prepared from cultures of the tubercle 
bacillus (see Coulthard) It should be noted that tubercle antigens may give 
complement-fixation reactions with Wassermann-positive sera and this 
possibility must be allowed for by carrying out a parallel Wassermann test 

Identification of type. This depends on the character of growth, as 
already described, and on the pathogenic action of pure cultures, which 
are obtamed either (1) directly from pathological products, e g after treat- 
ment with antiformm or alkali, or (2) from an animal (gumea-pig) which 
has been inoculated with such matenals An emulsion of a young culture 
(two to three weeks) is injected intravenously into rabbits in a dose corre- 
sponding to O'Ol to 0 1 mgm. of moist bacilli (or 10 mgm subcutaneously) 
Animals which have survived for two months are killed at the end of that 
time In the case of bovine strains, death usually occurs earlier , post mortem 
an acute generalised infection is found, the Jungs especially shoiving abundant 
tubercles Human strains commonly fail to kill rabbits within two months , 
when examined at this time they show at most only scanty isolated lesions 
m the internal organs {lungs and kidneys) As a rule, dysgonic growth on 
glycerol egg medium corresponds with high virulence for the rabbit character- 
istic of bovine strains, whereas eugonic cultures show the low virulence of 
human strains Occasionally, however, there is a lack of correspondence 
bettt’een virulence for the rabbit and cultural characters (p. 257) Avtan 
strains may be recognised by their appearance m cultures (moist luxuriant 
growth) together with their pathogenic action when fed to fowls and lack of 
virulence for the gumea-pig 



CHAPTER IX 


THE LEPROSY BACILLUS : BACILLUS OF , 
JOHNE’S DISEASE 

Leprosy is a disease of great interest, alike in its clinical and 
aspects : whilst from the bacteriological point of view, 
strAing peculiarities The disease has a very inde 

It occurs in certain parts of Europe-n.g. No™-ay, Russia, G «ce-but n 
commonest in Asia, occurring in India, Sjro, Persia, Gh™. “ P 

valent in Africa, in the Pacific Islands, and ,n certain o' NojA and Soutt 
America. In all these various regions the d'sease presents the same 
features, and the study of its pathological and baclenological character , 
wherever such has been carried on, has yielded a 

Pathological Changes in Leprosy. The 'therf being^ necessarily 

great amount ol tissue change occurring — health 

In other words, the local effects 
of the bacilli are well marKeo, 
often extreme, whilst the toxjc 
phenomena arc propwtionatelj 
at a minimum unless dunng 
exacerbations. , 

There are two chteHorms^ 
lenrosy. The one. usually 

th^e no^dular or 'tubercular faro 

—lebra tuhima or 

ischaraeterisedbythegrontho 

granulation tissue m a nodula 

form,orasadiftusemfitrat»m 

the skin, in mucous membranes 

etc mat disfigurement oueu 
TOu'lttog. In the other form ‘he 



Fio. 54 Section thto«p>’ 
masses of < 
the dark 
stained 

Zieftl'NeeJsen s stain 


paralysis of muscles, and trop 

z.eoi.N«lse»-s stain xeo disturbances. pearance of 

In the nodular form, the disease usually *'*!' * followed by the 

erythematous patches attended by fever, and th of the face, 

development of small nodular thickenings in aspects of arms 

ear-lobes, nose, the backs of hands and feet, of the sutf '• 

and legs These nodules enlarge and produce gre has been 

so that, m the case of the face, an appearance is p jPig 54). 

described as ' leonine ' The thickenings occur c often bKO® 

to a less extent in the subcutaneous tissue The p or actual ukeraUoo 
stretched over them, and an oozing surface then de' c a'to 

may occur. The cornea and other parts o! “e cy ■ similar iiodala 

of the mouth, nose, pharjmx, and 
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growths Nodules in mucous membranes readily ulcerate, and m the nasal 
secretion large numbers of leprosy baalli may be demonstrated , this is 
utilised for diagnostic purposes {vtde infra). Internal organs, especially the 
spleen , liver, and testicles, may become secondarily affected In all situations 
the change is of the same nature, consisting in an abundant formation of 
granulation tissue, nodular or diffuse in its arrangement. In this tissue a 
large proportion of the cells are of rounded or oval shape, like hyaline leuco- 
cytes , a number of these may be of comparatively large size, and may show 
vacuolation of their protoplasm and a vesicular type of nucleus These are 
often known as ' lepra cells Amongst the cellular elements there is a 
varying amount of stroma, which in the earlier lesions is scanty and delicate, 
but in the older lesions may be very, dense Penartentis is a common change, 
and very frequently the superfici^ nerves become involved in the nodules, 
and undergo atrophy. The tissue in the leprous lesions is comparatively 
vascular, at least when young, but, unlike tuberculous lesions, never shows 
caseation Some of the lepra cells may contain several nuclei, but cells are 
not met with resembling in their appearance tubercle giant-cells, nor does a 
focal arrangement like that in tubercle follicles occur 

In the maculo-aneBstheitc form the lesion of the nerves is the outstanding 
feature These are the seat of diffuse infiltrations, which lead to the destruc- 
tion of the nerve fibres In the earlier stages, in which the chief symptoms 
are pains along the nerves, there occur patches on the skin (macula), often of 
considerable size, the margins of which show a somewhat livid congestion 
Later, these patches become pale in the central parts, and the periphery 
becomes pigmented. 'There then follows a remarkable senes of trophic dis- 
turbances, in which the skin, muscles, and bones are especially involved 
The skin often becomes atrophied, parchment-like, and anesthetic ; fre- 
quently pemphigoid bull® or other skin eruptions occur. Partly owing to 
injury to which the feet and hands are liable from their anesthetic condition, 
and partly owing to trophic disturbances, necrosis and separation of parts are 
liable to occur In this way great distortion or mutilation results. The lesions 
m the nerves are of the same nature as those desenbed above, but the granula- 
tion tissue is scantier, and has a greater tendency to undergo cicatricial 
contraction This is to be associated with the fact that the bacilli are present 
in smaller numbers 

BACILLUS OF LEPROSY (MYCOBACTERIUM LEPRM) 

This bacillus was first observed in leprous tissues by Hansen in 1871. and 
was the subject of several communications by him in 1874 and later Further 
researches, first by Neisser m 1879, and afterwards by observers in various 

3US 

3ds 

. . ble 

both m appearance and m staining reaction They are straight or slightly 
curved, and usually occur in groups, though single forms and pairs may be 
noted (Fig 55) When stained, the}* may have a uniform appearance, or the 
protoplasm may be beaded or granular like the tubercle bacillus The 
beading is often of a ' coarse ' type They often appear tapered at one or 
both extremities , occasionally there is slight club-like enlargement Degen- 
erated and partially broken-down forms are also seen They take uji the 
basic aniline stains more readily than the tubercle bacillus, but in order to 
stain them deeply, a powerful stain, such as carbol-fuchsin, is necessary 
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When stained, they resist decolorising, though they are often more easily 
decolorised than the tubercle bacillus ; variations, however, exist in this 
respect, some bacilli losing the stain more readily than others. The bacilli 
are also readily stained by Gram’s method, and in this respect differ from the 
tubercle bacillus. They are regarded as non-motile and non*sporing organ- 
isms. Free granular forms of the leprosy bacillus have been described and 
regarded as a definite phase in the hie history of the organism [vidi tubercle 
bacillus, p. 246) 

Distribution oS Bacilli. They occur in very' large numbers in the leprous 
lesions, especially in the nodular form — in fact, so numerous are they that 
the granulation tissue in sections, properly stained as above, presents quite 
a red colour under a low power of the .microscope. The bacilli occur for 
the most part within the protoplasm of the round cells of the gtunula- 



Fjfl 55 Leprosy hactUi ta smear bom oodola jn sJdfl, 
sbOMog the artangemeot of the bacilli within granM- 
iatioo tissue cdls. 

Ziehl-NceJsen's slaia. X625. 


tion tissue, and are often so numerous that the structure ^nfain 

quite obscured {Fig. 55). They are arranged in bundles ^“jch c 
several bacilli lying parallel to one another, though 
various directions. The appearance thus presented 
with bacilli is very' characteristic. BaeWi are also found free m 
phatic spaces, but the greater number are undoubtedly' containe 
cells. They are also found in spindle-shaped connective-tissue ' ^ 
endothelial cells, and in the walls of blood i*essels. They 

in a venous thrombus. They arc for the most part confined to t e 

tissue, but may be seen in the hair follicles and glands of the skin. . 

ally a few may be found in the surface epithelium, wh^e tlwy 
been carried by leucocytes, but tWs position is, on the ‘ tjje 

They occur also m large numbere in the lymphatic glands ^soci jeprous 
affected parts. In the internal organs— liver, spleen, etc. 
lesions are present, the bacilli are also found, though in re ^ 
numl^rs. In the nerves in the anesthetic form they' are less ° 
in the nodular lesions, and in the sclerosed parts it may . lesions 

any. They are absent from the macula, which are essentiaUj F 
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Their spread is chiefly by the l 5 anphatics, though distribution by the 
blood stream also occurs. They are said to have been found m the blood 
during the presence of fever and the eruption of fresh nodules, and they have 
also l^en observed in the blood vessels post mortem, chiefly contained \vith\n 
leucocytes. A few may be detected in some cases in various organs which 
show no structural change, especially in the capillaries Tlie brain and spinal 
cord are almost exempt, but in some cases bacilli have been found even 
within nerve cells. 

Cultivation Elxperiments. Attempts to cultivate the bacillus have m the 
majonty of cases led to negative results. Further, it seems not unlikely that 
many of the acid-fast bacilli cultivated from leprosy represent saprophytic 
non-pathogenic organisms which are widely distnbuted and may occur on the 
skin We have examined a number of the reputed B. lepra strains, and, like 
others, have found them to resemble closely these non-pathogenic types in 
their biological characters. Kedrowski isolated an organism which in 
culture appeared as a non-acid-fast diphtheroid, but which became acid-fast 
in the tissues of animals WTien injected into mice and rats it produced, in a 
certain proportion of cases, lesions which presented features of human leprosy, 
the bacilli occurring in large numbers within phagocytic cells This organism 


medium along with amoebie and symbiotic bacteria, and then, by killing the 
contaminating organisms by means of heat, obtained a pure growth of a 
chromogcnic acid-fast bacillus Duval, following up this work, obtained 
confirmatory results, but in addition to Clegg’s bacillus he cultivated a slowly 
growing non-chromogenic bacillus which he believed to be probably the 
causal organism Twort also claimed to have cultivated the leprosy bacillus 
on glycerol egg medium containing dead tubercle bacilli in the proportion of 
1 per cent. Rost and Williams cultivated a pleomorjihic streptothrix, which 
appeared in the form of bacilli or branched filaments, and both of these forms 
were acid-fast or non-acid-fast Bayon compared the pathogenic properties 
of the bacilli cultivated by different workers, and found that only Kedrow ski's 
bacillus and that cultivated by himself, which he regarded as the same 


quite clear that certain of the organisms cultivated by vanous workers and 
claimed to be leprosy bacilli present essential differences, and some of them 
correspond closely to saprophjdic acid-fast bacillary types. 

The successful cultivation of the leprosy bacillus has been claimed by 
Shiga Leprosy nodules were tnturated with 5 per cent sulphuric acid, and 
the emulsion was then centrifuged. The deposit was washed with saline 
solution and again separated m the centnfugc From it inoculations were 
made on a potato medium which had been previously boiled in 4 per cent. 
gl)Ccrol broth .\ftcr two months, though no \isible growth was observed, 
the bacilli liad multiplied and formed masses of well-staincd organisms By 
subcultunng on glycerol agar small visible colonics were obtained 

An acid-fast bacillus has more recently been i«w)latcd from leprosy nodules 
by McKinley and Soule The cultures were obtained by inocuhatmg a \ aricty 
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and represented acid-fast bacUli corresponding morphologically to the leprosy 
bacillus. Monkeys were inoculated intnicutaneoasly with cultures in the 
supra-orbital region and developed a ^nulomatous lesion similar to that 
produced by direct inoculation of material from a case {vide infra).’ McKinley 
and Verder later used a medium of minced chick embryo in Tyrode's 
solution. Growth resulted in a few days and serial subcultivation also 
proved successful. 

Salle has obtained growths from leprosy lesions in chick tissue cultures 
and obtained subcultures in minced chick embryo medium. The cultures 
showed both acid-fast and non-acid-fast bacilli, the former being specially 
abundant when the tissue culture was in active growth, Oh transferriug to 
ordinary media only the non-acid-fast forms were seen, although on re- 
transferring to tissue medium acid-fast forms reappeared. 

Experimental Inoculation. Attempts to transmit leprosy to the lower 
animals have in general been unsuccessful. Sugai has stated that the 
Japanese dancing-mouse is comparatively susceptible to inoculation with 
leprous material, and Duval has confirmed this observation. The experi- 
ments of Kedrowski and Bayon have already been referred to. It is to be 
noted, however, that in all these cases success was only obtained in a certain 
proportion, and further that the picture of cells packed with bacilli has also 
been obtained by the injection of acid-fast saprophytes. In tuberculosis in 
mice a similar picture is obtained U would accordingly be a mistake to 
place much reliance on this point Experiments have also been performed 
on monkeys by Nicolle and Blaizot, Reenstiema and others, with incon- 
clusive results. McKinley and Soule have produced granulomatous nodules 
resembling leprosy lesions by the intracotaneous injection of material from 
human cases into the supra-orbital region of young monkeys {eg. M&cacm 
rAesus) It would appear that a localised lesion may be produced in monkeys 
by inoculation wth material from human leprosy. This lesion, howev^ 
resolves, and there is no spread of the infection. Hamsters seem to be 
susceptible to inoculation in a proportion of cases. 

It would also appear that leprosy is not readily inoculable in the human 
subject In a well-known case described by Aming, a criminal in the Sand- 
wich Islands ivas inoculated with leprosy tissue Two or three years later, 
well-marked nodular leprosy appeared, and led to a fatal rwult But tins 
experiment is open to the objection that the individual before inoculation ha 
been exposed to infection in a natural way, having been frequently in comae 
wth lepers Marchoux, however, has recorded the case of a young medica 
man in Paris whose skin was accidentally pneked by a needle whde he wa 
assisting at the operative removal of a skin nodule from a leper. About eig i 
years later he developed leprous lesions. In other cases, inoculation 
merits on healthy subjects and inoculations in other parts of 
\ududls have given negative results. It has been supposed by some 
failure to obtain cultures and to reproduce the disease expenmenta > . 

be partlj’ due to the bacilli in the tissues being dead According to de ^ » 
also, attempts to superinfect the skin of lepers vwth material irom ^ 
failed e.xcept m some cases where tbeinocula ^vere derived from patien s 


stage of acute e.xacerbation rvith fever. mtural 

Rat Leprosy. It is interesting to note that a disease occurs unae 
conditions in rats which presents many points of close similant} o P 
It is very widespread, having been obser\’ed in Europe, Asia, ^ '({on 

Australia: an excellent descnption was given by G. Dean ^ celU 

there are lesions in the skin w'hich resemble those in be 

contain very large numbers of an aad-fast bacillus. The Qis 
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transmitted to rats by inoculation with tissue material containing the bacilli, 
but not to animals of other species The relations of this affection to human 
leprosy have not yet been established Bayon claimed to have cultivated 
the bacillus of rat leprosy, and found that it was practically identical, as 
regards both cultural characters and pathogenic effects, with the organism 
obtained from the human disease It is doubtful, however, whether the 
organism isolated was the true causal agent 

Allergy and Serum Reactions. It has been found that a considerable 
proportion of lepers react to tubercuhn like tuberculous patients This result 
has been variously interpreted, some considering that tuberculosis is also 
present in such cases, while others maintain that the reaction may be given 
in the absence of tubercle If, as is probable, the latter is the case, the result 
most likely depends on the close relationship of the organisms of the two 
diseases , it by no means proves their identity Complement-fixation re- 
actions with patient’s serum and culture preparations of various acid-fast 
bacilli (including strains isolated from the disease, v\ie iitpra) have been 
recorded, but their practical significance is doubtful, and they cannot be 
regarded as possessing any specificity Another curious fact is that the 
Wassermann reaction may be given by the serum of leprous patients (in 
about 50 per cent , according to some observers). It has been questioned, 
however, whether the reaction in leprosy is independent of the concurrent 
presence of syphilis In a senes of cases of leprosy m Malaya, Amies found 
28 per cent gave positive Wassermann and Kahn reactions but considered 
this was not substantially in excess of the syphilis rate in the general popula- 
tion Further, antisyphihtic treatment caused the reactions to become 
negative in a large proportion of cases 

Transmission o! Disease. The mode by which leprosy is transmitted has 
been the subject of great controversy It was at one time considered to be a 
hereditary disease transmitted from a parent to the offspnng There appears 
to be no Ooubt, however, that leprous subjects may bear children free from 
leprosy, and that healthy individuals entering a leprous district may contract 
the disease Of the latter occurrence there are well-authenticated instances 
of persons who contracted leprosy after living and working among lepers In 
view of all the facts, there can be little doubt that leprosy is transmitted by 


reliable evidence to support the idea 

Bacteriological Diagnosis. Film preparations should be made from the dis- 
charge of any ulcerated nodule which may be present, or from the scraping of 
a portion of excised tissue, and should be stained by the Ziehl-Neelsen method 
substituting 5 per cent sulphuric add for 20 per cent in decolorising the 
films A film should also be stained by Gram's method The presence 
of large numbers of bacilli situated within the cells and giving the stain- 
ing reaction of leprosy bacilli, is condusive It is more satisfactory, how- 
ever, to make microscopic sections through a portion of the excised tissue, 
when the stnicture of the nodule and the arrangement of the bacilli can be 
readily studied Films of the nasal secretion {vtde supra) are also examined in 
the same way. and may yield positive results even in maculo-an.'csthetic cases 
The points of difference between leprosy and tubercle have already been 
stated, and in most cases there is really no difficulty in distinguisliing the two 
conditions A negative result, on inoculating a gumca-pig with the suspected 
matcnal, will exclude tuberculosis 
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BAdLLUS OF JOHNE'S DISEASE {^^fyCOBACTEUWM 
PA RA TUBERCULOSIS) 

An acid-fast bacillus of considerable interest is that of Johne's disease 
of cattle and sheep, sometimes described as ‘chronic pscudo-tuberculoas 
enteritis ' The lesions produced by it take the form of corrugated granulo- 
matous thickenings of the mucous membrane, especially of the small 
intestine. The disease has now l>ccn obscrx'cd in various countries, and 
has been found to be comparatively common in Britain. The bacilli occur 
in large numbers in the lesions, the cells being often packed with them, 
and can readily be found in scrapings from the surface. They resemble 
the other acid-fast bacilli in appearance, but arc distinctly .shorter than 
the tubercle bacillus aud arc usually only 1 to 2 /t in length ; thev are 



Fio. 50. ScclioQ o! InlwtiDe of ox in Johnes dis<a«, 
showing the f«Hs peeled »uh hJci/i; ZichJ'^ietlsen * 
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equally acid-fast and alcohol-fast (Fig. 50). The organism' w m first c 
tivated by Twort and Ingram on egg medium to uhich was auoed j o 
per cent of dried and pondered acid-fast bacilli, the Timothy-^^ °^hout 
being most suitable , growth is slow, the colonies appearing after a 
four weeks in the primary’ cultures. The optimum temperature is a 
39“ C. A filtered glycerol broth culture of the human tubule . 
incorporated in egg medium also serves vvcit for the grwth of the a 
of Johne’s disease After the organism has been first groun 
disease, it may often be cultivated on plain egg medium or gljcero 
The characters of growth are very similar to those of the human 
bacillus and on the surface of glycerol broth the grow’th consis 
wrinkled pellicle. It has been showm that plant extracts mav ^ ^ 
the growth factor u’hich this organism requires. after a 

calves (especially by the intravenous route) reproduces the ’ 
long incubation period, but small laboratory animals are no . v 
' Johnin ' prepared from cultures of the organism in the reaction 

has been used as a specific diagnostic agent, but the speciftcit) o 
with this product has been questioned. 
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THE ANTHRAX BACILLUS 

Anthrax is a disease occurring epizootically among the herbivora, especi- 
ally sheep and cattle, in which animals it has usually the characters of a 
rapidly fatal septiczemia with extensive multiplication of the bacilli in the 
blood, and splenic enlargement. The disease is comparatively rare in the 
human subject and does not occur as a natural infection from man to man, 
but may be communicated to him directly or indirectly from animals. In the 
human subject, the bacilli are much more restricted to local lesions than is the 
case in the ox 

Historical researches leave little doubt that from the earliest times anthrav has 
occurred among cattle For long its pathology vvas not understood, and vt went by many 
names. In 1849 Pollender observed that the blood of anthrax animals contained numer- 
ous rod-shaped bodies which he conjectured had some causal connection u ith the disease 
In 18C3 Davaino announced that they were bacteria He stated that they appeared in 
large numbers in the blood a few hours before death and that unless blood used m inocula- 
tion experiments on animals contained them death of the latter did not ensue Though 
this conclusion was at first disputed, still by the work of Davame and others the causal 


culture outside the body, and, by inoculating animals with them, produced the disease 
artificially Koch’s observations were, shortly afterwards, confirmed in the mam by 
I’astcur, though controversy arose between them on certain minor points Moreover, 
further research showed that the disease could be produced m animals by feeding them 
with spores, and thus tbewAyin which the disease might spread naturally was explained 
Koch's work on anthrax led to the development of the present-day methods of cultiva- 
tion and isolation of bacteria, while that of Pasteur provided a means of preventing the 
disease by active immunisation 


BACILLUS ANTHRACIS 

Microscopic Characters. If a drop of blood is taken from an auncular 
vein of an ox immediately after death from anthrax, it vnll be found to con- 
tain a great number of large non-motilc bacdh in pairs or short chains On 
staining with watery methylene blue, the characters of the bacilli can be 
better made out. They are about 5 to 8 /i long and 1 -2 /i broad, though both 
shorter and longer fonns also occur Tlic ends are sharply cut across, or may 
be slightly concave so as to resemble somewhat the proximal end of a 
phalanx. In cultures similar appearances are observed, but chain formation 
IS more marked. The bacillary protoplasm is very fmelj granular, and very 
frequently appears surrounded by a capsule, whose external margin, however. 
IS often not so well defined as in the case of the pneumococcus Wlicn 
several bacilli lie end to end in a chain, the capsule seems common to the whole 
chain They stain w ell with all the basic aniline dj’cs and arc Gram-positive 
The capsule can be demonstrated by the usual mcthoils, including relief 
staining (Fig 58) 

A simple method for the demonstration of caj>sul.vr material when the 
organism is present in blood or bo<ly fluids was introduced by McFadjcan — 
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and whorled, which produce a star-like form. These spikeleH \ 

of spirally twisted threads. 

In ’ 

when a low P»vaeut, and when the 

tube is dire - luiected blood. In about two days there 

radiate out into the medium from the wire track numerous very fine 
spikclets which enable the cultures to be easily recognised. These spikelets 
are longest at the upper, part of the track; thus the 
‘ inverted fir tree ' appearance results (Fig, 61). Spread 
takes place on the surface of the gelatin, and here 
liquefaction commences, and gradually extends down the 
stab and out into the medium, till the whole of the 
gelatin ma.y be liquefied. 

The organism grows readily on potato, but the cultures 
show no special characteristics. Coagulated serum is 
slowly liquefied. On Mood agar the organism is weakly 
hremolytic or non-ha:molytic ; but results depend on the 
blood incorporated in the medium and the strain ex- 
amined. Some strains are lytic to sheep blood, but horse 
blood IS not usually affected. 

In broth after twenty-four hours’ incubation at 37 t , 
there is usually the appearance of irregular spiral threads 
suspended in the liquid, which are made up of bundles ol 
parallel chains qf bacilli. Later, growth is more abundant 
and forms a flocculent deposit in the tube. 

While the above arc the typical cultural appearances 
met with in virulent cultures, variants may occur eitriCT 
spontaneously or as the result of growth under sp 
conditions (vide infra). . 

BiociTEMiCAL Reactions. The anthrax bacjlius 
ments glucose, saccharose, and maltose with acid 
gas formation. * 

^ ViABiury AND Conditions Nece^arv 
TION. In the spore-free condition 
paratively low powers of resistance. ^ 



Natural iize. 


Kig C.:.nd if kept at ordma W”; 

ture in the dry condition they usually 
dead after a few daj-s The action of the gastric juice is rap y . 
them, and they are accordingly destroyed in the .• jhey 

animals They are also soon killed m the process of pu re 
can be cooled below’ the freezing-point without dying. a high 

Spores, as contrasted with the vegetative ^ found they 

degree of resistance to vanous adverse influences ^ applied 

resisted boiling for five minutes , and dry heat at HO . , -gported 

hL.. fn v.ii xmth certaintv. Graham-Smitn re^ 


for several hours to kill them with certainty. Ura - to 

that in a dr}’ condition at ordinary room ternperature germinating 
diffuse daylight 50 per cent, of spores cease to be capa js still 

in a few months, while a considenible proportion ot t , , gg long as 
able to germinate after ten years. Some spores remain gastnc 

twenty-two years. Unlike the bacilli, they can resist t e a from a 

)uice for a long period of time It is to be noted that sp spores 

given culture possess varymg resistance among themse \ ' j^g^jy in this 

formed by different strains of the organism may vary 
respvect. 
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When present on hides spores survive lime tanning, but on the addition 
of 1 per cent, sodium sulphide to the lime bath, provided the temperature 
IS not below 23° C., they are unlikely to resist ten days' treatment (Robert* 
son). According to Kast, chrome-alum as used in ‘ chrome-tanning ’ takes 
twenty-seven days to kill spores. Egorov recommends 10 per cent freshly 
prepared chloride of lime for the disinfection of certain appliances used in the 
tanning process, the same concentration of caustic soda or of commercial 
hydrochloric aad for other appliances These have been tested successfully 
with equipment hea\nly contaminated artificially with spores from a resistant 
strain , 

It is generally agreed that sporulatlon never occurs within the body 
of an animal suffenng from anthrax Koch attnbuted this to the absence 
of free oxygen, which he found necessary to the occurrence of spores m 
cultures outside the body. Another factor is necessary to sporulation, 
namely, a suitable temperature The optimum temperature for spore 
production is 30° C. Koch found that spore-formation did not occur 
belo\\ 18° C Above 42° C not only does sporulation cease, but Pasteur 
found that if bacilli were kept at this temperature for a time they did 
not regain the capacity when again grown at a lower temperature. In order 
to make them again capable of sporing, it was necessary to adopt special 
measures, such as passage through the bodies of a series of susceptible animals 
Non-sporing denvaiives may also be isolated from sponng strains, especially 
when those opaque portions of growth arc selected which develop late on old 
agar cultures. ” ' ' ' ' • . • . 

IS favoured by , 

Vacation 

variation In some cases it is a well-defined structure like that of the 
pneumococcus , but it may lack definition of its external contour, and 
laboratory strains of the organism may be devoid of capsular material 
altogether It has been siiown that capacity to produce a well-formed firm 
capsule in vino is associated with the possession of special virulence, non- 
capsulate strains frequently showing weakly pathogenic qualities In this 
connection it is important to remember that the capsulate forms are insus- 
ceptible to phagocytosis, while the non-capsulatc are readily taken up by 
phagoevtes The capsule consists of a poljqDcptide of rf-glutamic acid, but is 
free from polysaccharide On the otlier hand, polysacchande can be demon- 
strated in the bodies of non-capsulate as well as capsulate anthrax bacilli 
(Tomcsik and Srongott) Variations in capsule formation are also associated 
with diflerences m the naked-eye appearance and physical characters of 
cultures. In those wlierc the capsule is indefinite, the growth is inoistcr and 


heat, and different colonies isolaleil from such strains may present differences 
in the character of the capsule 

Highly \nrulcnt strains present the typical cultural appearances already 
dc'^enbed, j.e. on agar the colonies arc large, * rough urcathed at the edge, 
.and made up of bacilli m continuous chain formation In laboratory cultures 
variants may be found jircscnltng a smaller and ' smooth ' tJ7>c of colotiy 
without the typical wreathed margin, the baalh being arranged m pairs or 
bundles , they arc less vmilcnt than the rough type This tyjtc of colony is 
char.ictcrisUc of cultures which lia\x been attenuated by growth abo\c the 
optimum temjicraturc, as in Pasteur’s mcthoil of producing anthrax vaccine 
(rirff injrii) Kejieatcd sulKiilturing o! the rough type on agar containing 
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calcium salts leads to diminution in sporing forms and finally to a filamentous 
non-sponng strain which is avirulent. The growth of this non-sponng 
organism on media decalcified by the addition of oxalate leads to the formation 
of a mucoid variant. 


It IS doubtful, however, if the terms ‘ rough ' and ' smooth ' apply here m the same 
sense as to the Gram-negative intestinal pathogens \\Tien the anthrax bacillus is grown 
on horse serum solidified by heating at 76“’ C. smooth colonie*? are found to be capsulate 
and virulent, while rough colonies show little capsule formation and are practially 
non-virulent (TakahashiJ 


It is evident from what has been said that modifications,in both biological 
and cultural characters can be artificially originated in anthrax bacilli 
Spores which are kept in the dry state under ordinary conditions for many 
months, e.g. by letting an agar culture dry up, usually yield virulent cultures. 
A good method of preserving the virulence and sporing property of B. 
anl/iracts is to maintain it in cultures on agar containing 0*1 to 0-2 per cent, 
neutral sodium o.valate to act as a decalcifying agent (Bordet, vide supra) 
Toxic Properties. It must be recognised that the manner in which the 
anthrax bacillus produces its pathogenic effects is stUl Imperfectly under- 
stood At one time it was thought that blockage of capillaries by the iMcilli 
multiplying in the blood might be a lethal factor, but this would not in itself 
explain the pathogenic action of the organism in all cases. Toxic action is un- 
doubtedly concerned, as is indicated by the inflammatory oedema (vide tnjta) 
which occurs apart from the actual presence of the bacilli, and by the general 
toxic effects observed in man and animals sulTering from the disease, but it has 
not, so far, been possible to separate to.xins from cultures. Filtered broth 
cultures are almost non-toxic and the dead bacilli themselves have little toxic 
effect. The facts would suggest that the bacilli when growing in the 
form toxins such as are not produced in cultures. Bail pointed out that, in the 
body, an ' aggressin ’ is pr^uced by the organism, which enhances its mvas' 
iveness This aggressin was obtained by centrifuging cedema fluid irom 
infected animals and then killing any remaining bacilli. It seems possi e 
that the capsular substance of the anthrax bacillus (cf. pneumococcus) ac s 
an aggressin and protects the organism from phagocytosis by combining m 
serum opsonms As has been pointed out. vinilence is associated 
formation It is not, of course, necessary in the animal disease topos u a 
toxin of v'ery high potency, m view of the fact that in fatal cases the * 
present in exceedingly large numbers in the blood and tissues. It is o ^ 
to note that Aoki and Yamamoto claim to have demonstrated in cu . 
endotoxin which is thermolabile and therefore would not be demons 
when cultures killed by heatin the usual way are injected into 
present no definite statement can be made regarding the . q- jn 

action of the organism and the toxic substances it produces m the } 


culture medium. , from 

Anthrax in Animals and Experimental Inoculation ° u goats, 

time to time epizootically in sheep and cattle, and may also a occurs 
horses, pigs, deer, and camels ; it is world-wide in its distnbu 
throughout Europe, but in some countries it is much more co , ^ 

others. In Britain the death-rate is small, and often only formerly 

herd is affected, but in France the annual mortality among s _ cattle 

about 10 per cent, of the total number in the country, an 
5 per cent. The incidence, however, has been greatly re 
ascribed to the system of preventive inoculation great 

cattle the disease is specially xunilent. and death and dees 

rapidity’. In less acute cases the animal is apparently ou o 
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not feed . . . i . ^ 

mucus ma; 

with cyam -r,.... 

When the disease is more prolonged, widespread cedema and extensive 
enlargement of lymphatic glands are marked features , and m the glands, 
especially about the neck, actual necrosis wth ulceration may occur, consti- 
tuting the so-called anthrax carbuncles Such subacute conditions are especi- 
ally found among horses, which are by nature not so susceptible to the 
disease as cattle and sheep In pigs, marked inflammatory cedema of the 
tissues around the pharynx is a feature. In affected cows the bacilli may be 
present in the milk Occasionally even m susceptible animals recovery takes 
place It is in the terminal stage of the disease that the organisms usually 
attain great numbers m the blood 



On post-mortem examination of an ox dead of anthrax, the most notice- 
able feature — which has given the name ' splenic fever ’ to the disease — is 
the enlargement of the spleen, which may be two or three times its natural 
size. It is of dark red colour, and on section the pulp is very soft and fn.-ible 
A film made from the spleen and stained with watery methylene blue will be 
found to contain enormous numbers of baaUi mixed with red corpuscles and 
leucocytes, chiefly lymphocytes and the large mononucleated \-ariety (Fig C2). 
Tlic lymphatic system generally is much affected, especially in less acute cases 
The glands, especially the mediastinal, mesentenc. and cervneal glands, arc 
enlarged and surrounded by cedematous tissue, the l>'Tnphatic vessels arc 

' • • * The 

mated, 

: ' ins arc 

those met w’lth in scpticxmia The blood throughout the boily is usually fluid 
and of dark colour ; bacilli can be found in it on microscopic examination, 
but they arc spccmlly numerous in the capillancs of internal organs. 

19 
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Great differences exist in smeeptibilily to antlirax in different st^ccics of 
animals. Thus the slicep (cveept thoseof Al^jcria, wJjich, under caperimental 
conditions, only siiccmnb to very lai^;c doso of the bacilli), {,nMnea^jiig, and 
mouse arc all very susceptible, the rabbit slightly less so. Cattle are highlc 
susrc]>til)lc to the natural infection, but much less .so to sul>cijfancous 
mocnlation. Less suscc]>ti})le than this ffroup are the liorse, deer, and goat, 
in which the disease occurs from time to time In nature. Anthrax m the pig 
occurs cjuzooticaUy, often from the ingestion of the organs of other animaS 
dead of the disease A careful h.ictcriological c.vamlnation is here always 
advisable, especially of any cedeinatous inliUration about the throat, or in 
the neighliQUring h-inphafic glands ; often, in pigs dying of anthrax, bacilli 
niav not occur in the hUind. Any Uitmorrliagic infirction in the spleen of a 
susjiectfd animal sfiould fie carefully investigale<!. The lute rat is much less 
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susceptible to the infection than the brown rat Adult carnivora are a % 
resistant, and birds and amphibia arc in the same position. In 
birds inociil.'ited with .spores, (lie organisms appear to be rapidly . 

human subject may be said to occupy a medium position beb^een the ug i 
susceptible and the relatively immune animals. in 


Witht' .... 

the patliol 

especially ■ ■ . j ..rrMice 

of the Jess susceptible animals Instead of the widespread occ 
desenbed above, they ma}’ Izc confined to the point wficre they 
access to the l)o<{y and the lymphatic sj'stem in relation to it, or 
very sparsely scattered m organs such as the spleen (uhicn is 
enlarged), the lungs, or Sidneys. mV, and mice 

Of the animals commonly used in laboratory work, P ° inocub- 
are the most susceptible to anthrax, and are generally used lor 
tions If a small number of anthra.v bacilli be injected m 
cutaneous tissue of a guinea-p^, a fatal result follows, usua y i 
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days. Postmortem, around the site of inoculation the tissues, owing to intense 
inflammatory cedema, are swollen and gelatinous in appearance, small 
hcemorrhages are often present, and on microscopic examination numerous 
bacilli are seen The internal organs show congestion and cloudy swelling, 
ivith sometimes small haemorrhages, and their capillaries contain large 
numbers of bacilli (Fig 63). as has already been described in the case of 
cattle , the spleen also shows a corresponding condition. Highly susceptible 
animals may be infected by being fed with spores or by being made to inhale 
the bacilli' or their spores, a general mfcction rapidly occurring by both 
methods. Besredka brought forward observations to support the view that 
the guinea-pig and the rabbit are susceptible only to inoculation of the skin . 
and he also stated that when the bacilli are injected intravenously or mtra- 


occurrence of infection are specially favourable when the organisms are 
inoculated into the skin 

A single bacillus taken directly from the spleen of a mouse dead of anthrax 
septicaimia, produces a fatal mfectioh In twenty-five per cent of mice 
inoculated subcutaneously (Martos) 

The Spread of the Disease in Nature. We have seen that B attihracts 
rarely, if ever, forms spores m the body, and if the bacilli could be confined 
to the blood and tissues of carcases of animals dyung of the disease, it is 
likely that anthrax in an epizootic form would be less frequent, For it has 
been shown by many observers that m the course of the putrefaction of sucli 
a carcase the anthrax bacilli rapidly die out, and that after ten days or a 
fortnight very few remain But it must be remembered that while still alue 
an animal is discharging by the bloocly excretions from the mouth, nose, and 
bowel, myriads of bacilli which may rapidly sporulate, and thus arrive at a 
very resistant stage. These lie on the surface of the ground and are washed 
off bv surface water. It is m the condition of spores that they are dangerous 
to susceptible animals In the bacillary stage, if swallowed, they will be 
killed by the acid gastric contents , but as spores they can pass uninjured 
tlirough the stomach, and gaming an entrance into the intestine, infect its 
wall, and ultimately reach, and multiply m, the blood. It is known that in 


relatively infrequent, and the disease occurs mostly m sporadic form Cases 
are most frequent in the winter and among cattle, and the evidence points to 
infection by imported food-stiiffs, e g. maize meal, oil-cake, etc li atithracis 
has been demonstrated in such matenals 

The Disposal ot the Carcases ot Antmab dead ol Anthrax.' It is c\trcnic1> important 
that anthrax carc.vscs should he ili»po«.od of in such a way as to prevent their becomini' 
luture sources of infection If anthrax be suspected as the cause of death, no post- 
mortem evamin.ition should bo made, but only a small quantity of blood removed from 
an auricul-ar vein for bactcnoln);ica1 investif^tion If such a carcase be now buned six 
feet Ik'Iow the surface of the earth and with a lajcr of quicklime not less than I foot 
thick surrounding it both above and Iiclow, little dani^cr of infection will bo run The 
bacilli. I'einj' conhnril within the body, will notspomlalc. and wiJJ die during the process 
of putrcfai turn The danger of sporulatinn taking place is. of course, much greater » hen 
an anuml has ditsl of an unknown disease, which, on post-mortem examination, has 
prov cd to Ik .intlinx, but similar measures for buna! must be here adoptc<l In some 


' The mcthiHl of disposal of anthrax carcases aod the treatment of infected premises 
are prescnlicd in the Anthrax Order of I0Z8. 
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cases have been housed, etc , must bo svashed with a fi per cent solution of phenol {or 
an approved substitute). Needless to say, the greatest care must betaken m the case of 
men who handle the animal or its carcase that they have no wounds on their persons, 
and that they thoroughly disinfect themselves by washing their hands, etc , in 1 ; 1,000 
solution of corrosive sublimate or in I : 20 lyson. All clothes soiled with blood, etc. 
from anthrax animals, should be thoroughly boiled or steamed for half an hour before 
being washed. 


Anthrax in the Human Subject. As wc have noted, man occupies a middle 
position in the scale of susceptibility to anthrax. It is always communicated 
to him from animals directly or indircctl)', and usually is seen among tho^e 
whose trade leads them to handle the carc.ises or skins of animals tyhich ha\ e 
died of the disease. It occurs in two principal forms, the main difference 
between which is due to the site of entrance of the organism into the body. 
In one, the path of entrance is through cuts or abrasions in the skin, or 
through the hair follicles A local condition called a ‘ malignant pustule ’ 
develops, which may lead to a general infection. This variety occurs chiefly 
among butchers and those who work among hides (foreign ones especially) 
In Britain the workers of the latter class chiefly liable are the hide-porters and 
hide-workers in South-East London. Occasionally the disease has been con- 
tracted from anthrax spores in shaving-brushes made from the hairs of 
infected animals. In the other varietytif the disease the site of infection is 
the trachea and bronchi, and here a fatal result almost always folloi'^ The 
cause is the inhalation of dust or filaments from wool or hair which has 
been taken from animals dead of the disease, and which has been con- 
taminated with blood or secretions containing the bacilli, these having 
afterwards formed spores. This variety Is often referred to as 'woolsorler s 
disease from its occurring in the centres of the woolstaplmg trade (in 
England, chiefly in Yorkshire), but it also is found in places where there are 


hair, brush, or carpet factories. . 

Mah'guatil Pustule. This usually ocairs on the exposed surfaces-^tne 
face, hands, forearms, and back, the last being a common site among m e- 
porters. One to three days after inoculation a small red painful 
appears, soon becoming a vesicle, which may contain clear or blood-staine 
fluid , it is rapidly surrounded by an area of intense congestion. . 

necrosis occurs, and leads to the malignant pustule proper, which m its >T* 
form appears as a black eschar of irregular shape often surrounded > a r g 
of vesicles, these in turn being surrounded by a congested ^ 

pustule as a centre subcutaneous cedema spreads, especially m the 
of the lymphatics , the neighbouring glands are enlarged. Some ^ 

may be marked local cedema \nthout a recognisable ' pustule . 
usually fever ivith general malaise. On microscopic section o e yp 
pustule, the central eschar is noticed to be composed of 

degenerating blood cells ; the vesiclesare formed by the raisingo ' 

corneum from the rete Malpighii. The latter is swollen ® ^?-itnma*tory 
papillae being enlarged and flattened out and infiltrated ivi m . 

exudation which also extends beneath the centre of the pustu e. Hgjueis 

next the eschar commencing necrosis is observed. The ^^cu ane 
also oedematous, and often infiltrated with leucocytes. The act • ^ 
periphery of the eschar and in the neighbounng lymphatics, a > . found 

extent, in the vesicles (Fig. 64). They' may be very scanty an ^ 

in sections, films and cultures from scrapings may not show e 
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important to note that widespread oedema of a limb, enlargement of neigh- 
bouring glands, and fever may occur while the bacilli are still confined to the 
immediate neighbourhood of the pustule Sometimes the pathological pro- 
cess goes no further, the bacilli gradually die out, the eschar becomes a scab, 
the inflammation subsides, and recovery takes place. In other cases, however, 
the cedema spreads, invasion of the blood stream may occur, and the patient 
dies with, in a modified degree, the pathological changes detailed in regard to 
the acute disease in cattle In man the spleen is usually not much enlarged, 
and the organs generally contain few bacilli 

Woolsorler’s disease. The local lesion is usually situated in the lower part 
of the trachea or in the large bronchi, and is in the form of swollen patches 
in the mucous membrane, often with hemorrhage into them — small ulcers 
may also be seen The tissues are intensely inflamed, cedematous, and the 
cellular elements are separated, but there is usually little or no necrosis. 



There is great enlargement and engorgement of the mediastinal and bronchial 
glands, and hiemorrliagic infiltration of the cellular tissue in the region, 
'ihcrc arc pleural and pericardial effusions, and Incmorrhagic spots occur 
bcnc.alh ’the serous membranes Tlic lungs show great congestion, collajise, 
and cedema There may be cutaneous oedema over the chest and nock, with 
enlargement of glands, and the patient rapidly dies with s>'mptoms of pul- 
monary embarrassment, and with a \ar>ing degree of pyrexia It is to be 
noted that in such cases, though numerous b.icilli are present m the bronchial 
lc>«u)ns, in the Ij-mphatic glands, and affected tissues in the thorax, compara- 
livch few mav Iw present in the vanous organs, such as the kidncj , spleen, 
etc . and sometimes it may Iw imixissibtc to find any 

Ifi/estinal anfhrat Infection occasionally takes place through the uites- 
ime probably by ingestion of spores as in the case of animals . but this 
condition is rare In such c.ises there occur single or multiple local h.vmor- 
rhngic IcMons in the lutcstiiial mucous membrane, the central parts of the 
h.cniorrhagic areas tending to l>c necrotic and jcllowish, and there maj Ik* a 
corresfJonding affection of Ihe mesenteric gbnd:} 
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A considerable number of cases have been recorded in which hamorrhagtc 
meningitis, apociated with the presence of the anthrax badJJi in large 
numbers, has occurred as a complication of various primary lesions 

Immunity against Anthrax. Active immunisation. Having ascertained 
that there was ground for believing that in cattle one attack of anthrax 
protected against a second, Pasteur (in the years 1880-82) elaborated a 
method by which a mild form of the disease could be given to animals, and 
which rendered harmless a subsequent inoculation noth virulent baalh. He 
found that the continued growth of anthrax bacilli at 42° to 43° C. caused 
them to Jose their capacity of producing spores, and also gradually to lose 
their virulence, so that after twenty-four days they could no longer kill either 
guinea-pigs, rabbits, or sheep. Such cultures constituted his premier vacctn, 
and protected against tlie subsequent inoculation with bacilli which had been 
grown for twelve days at the same temperature, and the attenuation of which 
had therefore not been carried so far. The latter constituted the deuxihne 
vacctn It was further found that sheep thus twice vaccinated now resisted 
inoculation with a culture which usually would be fatal. After the efficacy of 
vaccination in this way had been experimentally established on a large scale, 
the method was employed as a preventive measure and regularly used in 
France and elsewhere. It is to be noted that the state of active immunity 
passes off — m a considerable proportion of cases at the^end of a year. Koch 
found also that vaccinated sheep which resisted subcutaneous inoculation 
might become infected iVhcn fed with spores, 


In France, dunng the twelve jears 1882-03. 3,206,616 sheep were vaccinated, with 
a mortality, eitlier after the first or second vaccination, or during the sub«qoent tweiv 
months, of 0 94 per cent . as contrasted with the ordinary mortality in all 
the districts of 10 per cent During^ the same time 438,924 cattle were . / 

a mortality of 0 34 per cent . as contrasted with a probable mortality of 5 per cwi 
they had been unprotected 


The Pasteunan method of vaccination against anthrax apparently yie 
most successful results when first applied, but has been subject to a good e 
of criticism m recent times. The vaccines are difficult to standaraise, an 
attenuation at 42° to 43° C may not proceed in the regular J 

observed by Pasteur. If their virulence is too high, vaccinated ^ 

die from the woculntion and even spread the disease ; if too low, an e 
immunity does not result. , , u-y. 

While larger susceptible animals can be immunised by’ the • 

described, it has been found difficult or often irnpossible 


oiiexi j \ hbit 

munity experimentally by this method in the guinea-pig and ^ ^ 
mainly owing to their susceptibility to a fatal infection 

bps found that immunity 


cutaneously ivith Pasteur's vaccines Besredka has found 

can be developed when inoculation by' the skin is employed, ei , 


cutaneous injection or rubbing a culture over a shaved area of skin* 


•era snavcu , T ' yjfulent 

cines as used by Pasteur being successively applied, effectively 


tiiica as uscu uy i usicui ixeiijg m j * . 

cultures Grierson (1929) showed that rabbits can be safely’ an 


tolerate 


immunised by Besredka ’s cutaneous method. As likely* 


iiiiiiiuiiibcu uy oesieuKu 5 cutaneous " — - It' epeins likely, 

large doses of virulent organisms injected intravenously animal 

however, that these results depend on the lesser susceptibi i y compared 
to a fatal infection when the vaedne is introduced into the s un 
with subcutaneous injection. In the case of a very suscep i gegredka's 


as the guinea-pig, the method may fail, however, boiioivi g anthrax 
work the intracutaneous method of immunising anima s " j,een 

vaccine has been extensively used by Velu ; successful ^ • spore 
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vaccine ’ prepared from strains of a standard degree of \’irulence preser\-ed m 
glycerol-salt solution. It is injected simultaneously with antiserum, as in 
the combined method of immunisation referred to below. ili-Ntures of .saponin 
or digitonin with suspensions of Wrulent anthrax baciJh or spores when 
injected subcutaneously into rabbits and large animals cause no serious 
effects and a single dose leads to immunity (HruSka). 

Anti-anthrax sera have been prepared from highly immunised animals, 
and such sera have been found to possess protective and, to a certain extent, 
curative properties In their preparation it is nccessar 5 ' to use Hvmg cultures 
of the bacillus ; attenuated cultures are usually employed first, and later 
virulent cultures The method has been combined with the use of an anti- 
serum obtained from an animal already immunised — that is, a combination 
of active and passive immunisation is carried out. The two best known sera 
are those of Sclavo and Sobernheim The former, who found the ass the most 
suitable animal for immunisation, published favourable results obtained in 
the treatment of malignant pustule Out of 164 cases there were only ten 
deaths, this representing about a fourth of the ordinary mortality m Italy. 
The serum is administered by intramuscular or by intravenous injection. 
Sabolotny has reported favourable results in very severe human cases wth 
bacilli present in the blood, who received the serum intravenously A large 
initial intravenous dose of scrum should be given f 1 00 to 250 c c ) and repeated 
if necessary at intervals of twenty-four hours, one to six injections being 
administered in all In this way severe cases have been treated successfully 
even when lung lesions and septio'cmia were present (see Luccliesi, and 
Gold) An important additional point in treatment is to avoid any interfer- 
ence with the local lesion ; the part should be kept completely at rest 

Combined tmtnuntsalton Sobernheim’s serum has been used for protec- 
tive purposes in animals, the antiserum being injected at the same time as 
Pasteur’s second vaccine but at a separate site This method has been 
widely used in Europe and South America, and it is claimed that it has 
advantages over Pasteur’s, especially in that its application is safer and 
simpler, one operation instead of two being sufficient. 

Mechanism oj immunity to anthrax. U'hile anti-anthrax sera produced 
by the administration of livang organisms have markedly preventi%’e proper- 
ties, it docs not seem possible to explain their action by antibodies which can 
be demonstrated in vitro. Sobernheim and others were unable to detect in 
such sera immune bactencidal properties, and Sclavo came to the conclusion 
that in the action of the scrum substances of the nature of antibody and 
complement arc not concerned. Opsonic action has been put fonvard in 
explanation, but this has not been accepted by some writers. It is a striking 
fact that from the blood and tissues of immunised animals which have 
tolerated inoculation >vilh the organisms, living virulent anthrax baalli 
can be recovered even after a week Anti-anthrax scrum may contain a 
specific precipitin, agglutinin, and coinplcmcnt-fixing antibody {vide infra), 
but this, of course, does not explain the bcncfiaal effect of the scrum Bail 
considered tliat the protcctise action of an immune serum is due to its 
containing antiaggrcssms. It has !>een suggested that the capsiil.ir sub- 
stance acts as an aggressin by combining ssith opsonin and so protecting the 
organism from jihagocytosis , on this basis the protective action of immune 
scrum might be regarded as due to its high content of antibotlies which arc 
cap.nblc of reacting spocificany with the cap»ul.ar antigen. In tins connection 
Tomcsik and others have shown that the capsular protein and the somatic 
jx)lvsacdi.irulc of the anthrax bacillus posses^ antigenic or liaptenic proper- 
ties, each of which is distinct, although the Mme caj»sular protein occurs also 
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in other members of the biological group to which the organism belongs {vide 
infra). Antisera developed by injecting the capsulate bacilli, after being ab- 
sorbed with a non-capsulate anthrax culture, act as a pure antibody to the 
capsular protein. The latter antibody gives precipitation wth high dilutions 
of the soluble protein and also the complement-fixation reaction ; it produces 
changes in the capsules which can be detected by the microscope, and agglutin- 
ates the capsulate bacilli By the use of capsular antibi^y it has been 
shown that the capsular material formed by the bacilli in the tissues after 
inoculation with a virulent non-capsulate culture, is serologically identical 
u’ith that formed in vitro by strains which produce a capsule in culture. The 
polysaccharide appears to be specific for the anthrax bacillus. 

The problem of the nature of acquired immunity to anthrax is one of 
considerable complexity, as illustrated by the observations of Tomesik and 
Ivanosdcs. WTiile immunity in one species (mouse) is related to the anti- 
bodies reacting wth the capsular substance, immunity in another (rabbit) 
does not depend on these antibodies. This is shown by the fact that rabbits 
injected with killed cultures of the capsulate bacilli possess capsular antibody, 
and their serum confers passive immunity on mice against infection with 
virulent organisms , on the other hand, the ra bbits themselves do not possess 
a solid immunity Again, the serum of rabbits w’hich have been rendered 
actively immune by injections of the sterilised cedema fluid of infected rabbits, 
does not confer passive immunity on mice ; neither antibodies to the wpsuJar 
substance nor the somatic poI>*saccharide can be demonstrated in such 
immune serum Stamatin has also pointed out that there is no relation 
between immunising power and capsulation and that living bacilli wbichsn 
non-capsulate are still capable of inciting a High degree of immunity m 
rabbits. However, the part played by the somatic (polysaccharide) anti^n 
m developing such immunity in the rabbit is not clear. The subject requires 
further investigation and at present no definite conclusions can be draim as 
to the true nature oT anti-anthrax immunity. The nature of the norma 
resistance of certain apimal species is also obscure. 

Ascah's ihenno-prectputn reaction, etc Ascoh’s reaction depends on tte 
tion that certain anthrax itnraune sera produce a precipitin reaction ■with P 
ducts o/ B anthracis The suspected blood or tissue is boiled /or a lew mioum 
10 volumes of normal valine which may be acidified by one part per thousan . ^ 
acid , the fluid is cooled and filtered through paper or asbestos so as to ob i 
filtrate . a httle of this is then run on to the top of the serum, and 


from an undoubted anthrax case, as onl 5 ' a certain small 

gu-e the reaction The reaction seems to depend on an effect produced w «« 

and substances denied from the bacilli, as it is most marked with t^u ^ 

numerous organisms It can be obtained with material which othwdisc^ 

months, and numerous controls made with tissues of animals ..tgra lor the 

ate stated to have given negative results A method of obtaining acti' 
precipitin test has been described by Rosenberg and Romanow , 

Bacteriological Diagnosis. Microscopic examhiation. Iri 
pected malignant pustule, film preparations should be ma 
fluid in the vesicles or frtMn the surface exudate and stame 
method In this way prelimmaiy etridcnce may be obtained. 
bacilli are so scanty that both film preparations made in 

and even cultures may give negati^-e results. Care jnto 

manipulating a pustule, as, otherwise, the diffusion of jn cases of 

surrounding tissues may be aided The examination of the o 
anthrax in man usually gives negative results, with the excep 
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severe cases, when a few bacilli may be found in the blood shortly before 
death. ^ ' 

Cullivation. The material should be stroked on agar plates. After 
twenty-four hours at 37“ C colonies of B anlhracts will appear, and, as has 
been described, can be readily rect^ised by means of a hand-lens. 

While the isolation of the B. anlhracis from fresh material is usually easy, 
great difficulty may be encountered where the organism is to be sought for 
in an animal which has been dead for twenty-four hours or longer, as the 
bacilli rapidly .die or are associated with putrefactive organisms. Where 
cultures cannot be made at once from blood or tissue fluids, the material 
should be preserved by smearing it on unglazed earthenware and allowing it 
to dry. ^ 

Animal inoculation te^t This method is used for confirming the identity 
of an organism suspected to be the anthrax bacillus from the microscopic and 
cultural examination Guinea-pigs or mice are injected, usually sub- 
cutaneously, with material from the pustule or the pure culture isolated In 
the case of hair or hides the suspected material is soaked in sterile water and 
well teased out or scraped After the mixture has stood for about an hour, 
the fluid is decanted and centrifuged, and the sediment is suspended mice 
of sterile water and heated at 65“ C for five minutes It is then injected 
subcutaneously into one or two gumea-pigs (mice are less satisfactory) If 
anthrax bacilli are present, the animals usually die within four days, with the 
changes m internal organs already described, and the bacilli can be demon- 
strated in the heart blood The identification of an organism as the anthrax 
bacillus cannot be said to be subslantfated till its pathogenicity has been proved 
When death occurs from a mixed infection with anaerobes, the anthrax 
bacillus may be recovered post mortem by making aerobic plate cultures from 
the peritoneal fluid Another method is to inoculate contaminated matcnal 
into the scarified skm, as the anthrax bacillus is more likely to cause infection 
by this route than are the other pathogens which may be present 

ORGANISMS BIOLOGICALLY ALLIED TO THE ANTHRAX BACILLDS 


bacillus IS the only actively pathogenic representative of the group The 
others are saprophytes, occurring in soil, dust, water, etc Spores of these 
organisms are practically ubiquitous and frequently contaminate culture 
medium, especially when it is exposed to air Some of them so closely resemble 
B anthracis that, apart from animal inoculation tests, they may be easily 
mistaken for it Thus morphological and cultural characters almost identical 
with those of the anthrax bacilhis mav be presented by certain of these 
organisms though in some cases motility in culture clearly distinguishes them 
from anthracis This is well exemplified by the so-called /i anlhracotdes 
IniHukition of a mouse or gumca-pig, to which li anthracis is extremely 
\irulcnt, serves as the essential method of differentiation It is noteworthy, 
howeier, that certain organisms of this tyqie (<g li anlhracoidfi) are not 
entirely devoid of pathogenicity under exjxinnicntal conditions, and mav on 
subcutaneous inoculation proihicc a lethal cflect in mice and guinca-pig-. if 
large doses of cultures arc used (Onerson. 192S) Even a scpticamuc condi- 
tion mas result, as in anthr.ax, but the organisms in the blood and spleen fad 
to show Mi.rad\can’s reaction .V small dose of a recently isokated anthrax 
bacillus IS. of ccmn-c. sufTn icnt to cause death in a siistxjptihle .anim-il 
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Ciassical types belonging to this group are B. mycoides, B. suihhs. B. 
meseniertcns {vnlgaiits) B. is very similar in morphologv to B. 

anlhracts {though the spore is often excentric in position), but its colonies on 
nutrient agar differ from those of the fatter in exhibiting a feathery or spiked 
appearance B subtilis also resembles the anthrax bacillus in morphology, 
but the ends arc often rounded, there is less tendency to chain formation, 
and in young cultures the bacilli show active motility and peritrichoiis 
flagella. The spores are small ( 0-5 to 0-8 /<) and may be central or excentric 
This organism is strictly aerobic and grows well at low temperatures, though 
the optimum is 37° C. A stroke inoculation on culture medium produces an 
abundant dry, opaque, adherent, greyish-white spreading layer of growth 
without the characteristic uxivy or wreathed margin of B. anthracis cultures 
A potato culture consists «\t first of a moist layer of growth, but later assumes 
a dry mealy appearance According to Axenfeld, B. subtiHs may produce 
infection of the eye with resulting iridocyclitis and panophthalmitis. B. 
mesenleriOHs closel)’ resembles B. subtUis, and is characterised by the marked 
wrinkling and folding of the growths on artificial media and brown coloration 
of older cultures Another member of this group described in the early 
literature of bacteriology, B utegnlhertum. produces very large ovoici spores 
and shows only sluggish motility, flagella being not always seen . growths are 
smooth, butyraus, and cream-coloured, becoming In old cultures j-elIo«ish-red. 

A very large number of sjiecios or types have been described in the group 
{see Bergcy) and a considerable variety of characters are represented withia 
the standard features of the genus Hacilhis to which these organisms are 
assigned in the new classification and no.menclatiire. It may be noted that 
while some species grow best from 30 ° to 37 ° C.. most have a lower optimum, 
f g. 20 ° C, ; on the otiicr hand some arc thcrmopliilic (optimum temperatur^ 
35° C ) Many species yield pigmented growths and some produce a blacK 
pigment. Proteolytic activity is a common feature of the group and soine 
si>ecies are also saccharolytic. 



CHAPTER XI 


THE BACILLI OF GLANDERS AND MELIOIDOSIS 

The bacillus pf glanders, onginall 5 ' designated Bacillus mallei, uas dis- 
covered by Loffler and Scfmtz, the announcement being made in 1882 
They not only obtained pure cultures of this organism from the tissues 
in the disease, but by experiments on horses and other animals conclu- 
sively established its causal relationship. These have been fully confirmed 
The same organism was also cultivated from the disease in the human sub- 
ject, first by Wcichselbaum in 1885, who obtained it from the pustules in a 
case of acute glanders, and by inoculation of animals obtained results similar 
to those of Loffler and Schutz 

Glanders chiefty affects equines — horses, mules, and asses. Cattle 
and pigs, on the other hand, are quite immune, while goats and sheep 
occupj’ an intermediate position, the former being rather more suscep- 
tible and occasionally suffering from the natural disease, as do also camels. 
Glanders occurs in some of the carnivora — cats, and lions and tigers m 


tion with the allied organism of melioidosis occurs naturally m these animals 
M’hile prevalent at one time in this countr>’. particularly among horses, 
glanders has been eradicated as a result of diagnosis of early and latent 
infections by means of mallem, and slaughter of infected animals as laid dowm 
by the Glanders or Farcy Order (1907). 

Glanders may occur also in man as the result of direct inoculation of some 
wound of the skin or other part by means of tlie discharges or diseased tissues 
of an affected animal, and hence has been commonest among grooms and 
others whose work brings them into contact with horses , even among them 
It has been an uncommon di^ase 

In horses the lesions arc o£ two types, to which the names ’ glanders ' proper and 
■ farcy ' ha\c been given though both may exist together In glanders proper, the 
septum nasi and adjacent parts are cbien> affected, there ocenmng in the mucous 
membrane nodules which are at first firm and of somewhat translucent gre> appearance 


glands in the neck, mediastinum, etc , and there may be in the lungs spleen, h\ cr. etc . 
nodules of the sire of a pea or larger, of gre)i$h or jellow tint, firm or snmcwliat softened 
fn the centre, and often surrounded t»y a congested rone The term ' fares is applied 
to the afiection of the superficial lymphatic vessels and glands, which is speciallj seen 


secoml.vrv nodules may occur in internal organs and the nasal mucous membrane The 
disea.se is often present in a ‘ Iitrnt form and Its presence can only l>e detectesl bv the 
mallnn allergic test 

In man the dise.isc is met with In two forms an acute and a chronic— though inter 
meijiate forms alv> occur, and chrome cases mav take on the characters of the acute 
dise.vse The site of infietilation is usuallv «*n the hand or arm — bv means of some 
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scratch or abrasion, or possibly by infection along a hair follicle — sometimes on the face, 
and occasionally on the mucous membrane of the mouth, nose, or eye. In the acuie form 
♦j,,.-., t5t„ s^velling, attended usually with 

I the part also become inflamed, the 
lese local changes are soon followed 
)cal or widespread eruption on the 
surface of the body, at first papular and aftenvards pustular, and later there may form 


often foul, discharge The ulceration spreads deeply as well as superficially, and the 
thickened lymphatics also have a great tendency to ulcerate, though the lymphatic 
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Fio 65. Glanders baalli— se»efal 
cootaioed uiihio leucocytes — from 
peritoneal exudate ta a gumea-pig. 
Stained uiih diJuic carbol-fucbsin 

xi,ooo 


■s 


Fic. CO. Chinders baciUi. from a 
pure culture on gh«rol agar. 
Stained 'nth carbol-fuchsm and 
partially decolonswJ lo show kS* 

mentationofproloplasm xl.wu. 


systfim is not so prominently affected as in the horse afiected The 

cutaneous tissue and muscles, and the mucous membrane maj and recovery 

disease may run a very chroruc course, lastmg for months or ev ^ of 

may occur ; on the other hand, such a case may at any time ta apparent 

the acute form of the disease and rapidly become fatal Even w 
recovery recurrence may occur , 

While spontaneous recovery from the infection may occur 
and animals, no method of preventive immunisation is knovvn. 

BACnjiUS fllALLET 

lMAtLno:^lYCES, OR PFEIFEBRBLLA, MALLEI} 

Microscopic Characters The bacilli are t /'■ 

slightly curved, with rounded ends (Fig. 65), and abou ^arance.an^ 
They show, however, considerable variations in size an i portions 

their protoplasm is often broken up into a number oi deep > ^ jjjg 

with unstained intervals between. These characters ® jj^ecrularities 
tissues and in cultures, but, as in the case of many ’ filamentous 

in form and size are more pronounced jn cultures (t'lg* has been 

forms, 8 to 12 ft m length, are sometimes met with an ^ ^ 

described. The organism is non-motUe and does not lorm p 
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In the tissues the bacilli usually occur irregularly scattered among the 
cellular elements , a few may be contained within leucocytes and connective 
tissue cells, but the position of most is extracellular. They are most abundant 
in the acute lesions, in which they may be found in considerable numbers ; 
but in the chronic nodules, especially when softening has taken place, they 
are few in number, and it may be impossible to find any in sections 

The glanders bacillus stains with simple watery solutions of the basic 
stains, but somewhat faintly (better when an alkali or a mordant, such as 
carbolic acid, is added), and even if deeply stained it readily loses the colour 
when a decolorising agent such as alcohol is applied It is Gram-negative. 
In film preparations from fresh glanders nodules the bacilli can be readily 
demonstrated by staining with carbol-thionin or dilute carbol-fuchsin. In 
sections, the best results are obtained with carbol-thionin and by dehydrating 
by amline-xyJol 

McFadyean recommended that after sections have been stained in Ldfller's inethy- 
lene blue and slightly decolorised in weak acetic acid, they should be treated for fifteen 
minutes with a saturated solution of tanmcacid , thereafter they are washed thoroughly 
in water, and as a contrast-stain a I per cent solution of acid fuchsin may be applied 
for half a minute , they are then dehydrated, cleared, and mounted 

Cultural Characters The glanders bacillus is an aerobe and faculta- 
tive anaerobe and grows readily on most of the ordinary media, the opti- 
mum temperature being 35** to 38® C A certain amount of growth occurs 
down to 21® C 

On agar, in stroke cultures, growth appears along the line as a uniform 
streak of greyish-white colour and somewhat transparent appearance, with 
moist-looking surface, and when touched with a ware is found to be of rather 
slimy consistence. Later it spreads laterally for some distance, and the layer 
becomes of slightly brownish tint. Separate colonies are small disks, about 
1 mm m diameter, with regular borders and have the same physical char- 
acters as the stroke culture In subcultures at the body temperature colonies 
are visible within twenty-four hours, but when fresh cultures are made from 
the tissues there may be no visible growili for two or three days. The addition 
of 3 to 4 per cent, glycerol enhances growth 

On serum media the growth is somewhat similar but more transparent. 
Scrum media are much more suitable for cultivating from the tissues than 
agar media 

In hrolh, growth fonns at first a uniform turbidity, but soon settles to the 
bottom, and after a few days forms a fairly thick flocculcnt deposit of slimy 
and somewhat tenacious consistence. 

On potato (provided the reaction is not too acid), at 30® to 37® C. the 
glanders bacillus flourishes well and produces a characteristic appearance, 
incubation at the higher temperature, however, being advisable Growth 

f ed a transparent layer 
On subsequent days 
■ and more opaque, till 

■ • e tint. Potato is also 

a suitable mccmiiu tor si.irti»g timuies iiuiii me ussues , in this case minute 
transparent colonics become visible on the third day, and afterwards present 
the appearances just descnliod 

Rough and smooth variatils have been described. 

Biocin MiCAL Rlactiom* arc not pronounced Acid formation from 
glucose has been found, but this is not constant Indole is not produced and 
gelatin IS not usually liquefied but the oiganism docs not grow well at the low 
tcmjx^nitures suitable for gelatin cultures 
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Viability. The glanders bacillus'is not killed at once by natural drjme 
but usually Io5es its vitality after fourteen days in the dry condition, though 
sometimes it lives longer. It is not quickly destroyed by putrefaction, as it 
has been found to be still active after remaining hvo or three weeks in putre- 
fying fluids. It has comparatively feeble resistance to heat and antiseptics 
Ldffler found that it was killed in ten minutes in a fluid kept at 55° C . and 
in from two to three minutes by a 5 per cent, solution of carbolic 'acid. 
Pnmar}' cultures tend to die rapidly, but when adapted to laboratory growth 
the bacilli maj’ survive for two months. 

Experimental Inoculation. In horses, subcutaneous injection of the 
glanders bacillus in pure culture reproduces all the essential features of the 
disease. This fact was established at a comparati\'ely early date by LotHer 
and Schutz. who successfully inoculated horses in this way. the cultures 
used having been grown for several passages outside the body. The ass and 
mule are even more susceptible than the horse, the disease in the former 
running a more rapid course, but with similar lesions The ass can be readily 
infected by simple scarification and inoculation with glanders secretion, etc. 
(Nocard). Infection by feeding is also successful 

Of small animals, field-mice and guinea-pigs are the most susceptible ; on 
the other hand, white mice are more resistant and after inoculation with pus 
containing B. mallei alone they live for five or si.\ iveeks (Sabolotny) In 
field-mice, subcutaneous inoculation is followed by a very rapid disease, 
usually leading to death uithin eight days, the organisms becoming general- 
ised and producing numerous minute nodules, especially in the spleen, lungs, 
and liver In the guinea-pig the disease is less acute. At the site of inocula- 
tion an inflammatory' swelling forms, which soon softens and breaks don’ll, 
leading to the formation of an irregular crateriform ulcer with indurated 
margins The lymphatic vessels become infiltrated, and the corresponding 
lymiphatic glands become enlarged to the size of peas or small nuts, softened, 
and semi-purulent. The animal sometimes dies in two or three weeks, some- 
times not till later Secondary nodules, in varying numbers in different 
cases, may be present m the spleen, lungs, bones, nasal mucous membrane, 

testicles, etc , sometimes a few nodules are found in the spleen alone. Intra* 

peritoneal injection m the male guinea-pig is followed, as pointed out b) . 
Siiaus, by a very rapid and semi-purulent aflection of the tunica va^tia is. 
shown during life by great swelling and redness of the testicles, which 
may be noticeable m two or three days, or even earlier. This met o o 
inoculation has been found of service for purposes of cultivation and 
nosis , however, strains of loiv virulence may fail to produce the charac r 
istic re-sults, while certain other organisms may cause 
Rabbits are less susceptible than guinea-pigs, and the effect of * 

inoculation is somewhat uncertain Accidental inoculation oi t e 
subject With pure cultures of the bacillus is a considerable risk 
handling them and has in more than one instance been followed v i 


form of the disease and a fatal result. , , 

Pathogenic Action and Toxin. Though glanders ^ a 

classified among the infective granulomata, the tubercle 

more rapid and more marked inflammatory reaction than 
bacillus . there vs more leucocytic infiltration and less proli era '' pi 
Thus the centre of an early glanders nodule shows a dense 
- leucocytes, most of which arc polymorphonuclear. „cnfcia!lv 

tory change may be followed by suppurativ-e softening of ^^5 
in certain situations, such as the subcutaneous tissue ana P /v-cudv 
T he nodules, therefore, m glanders, as Baumgarten sta e . 
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intermediate position between miliarj’ abscesses and tubercles The diffuse 
coagulative necrosis and caseation which are so common m tubercle, do not 
occur to the same degree in glanders, and tj’pical giant-cells are not formed. 
The tendencj' to spread by the Ijmphatics is always a well-marked feature, 
and when the bacilli gam entrance to the blood stream they soon settle in the 
various tissues and organs Even m acute cases it is usually impossible to 
detect the bacilli in the circulating blood, though sometimes they have been 
found It IS an interesting fact, shown by observations of the disease both 
in the human subject and m the horse, as well as by experiments on guinea- 
pigs, that the mucous membrane of the nose may become infected by means 
of the blood stream — another example of the tendency of organisms to settle 
in special sites 

The foxtn of the bacillus is an endotoxin. Thus, dead cultures may cause 
marked general to.xic effects in laboratory animals and even fatal results 
This endotoxin would account for the severe constitutional symptoms of the 
disease 

Spread oi Infection. Glanders usually spredds from a diseased animal bj 
direct contagion with the discharge from the nose or from the sores, etc 
There is no evidence that in man the disease is produced bj inhalation of the 
bacilli in the dried condition Some authorities consider that pulmonary 
glanders may be produced m this way in the horse, while others maintain that 
in all cases tliere is first a lesion of the nasal mucous membrane or of tlie skin 
surface, and tliat the lung is affected secondarily Bab6s, however, found 
that the disease could be readily produced in susceptible animals by exjiosing 
them to an atmospliere m which cultures of the bacillus had been pul\ ensed 
He also found that inunction of the skm wnth vaseline containing the bacilli 
might produce the disease, the bacilli in this case entering along the liair 
follulcs 

Allergy : Mallein and its Preparation. In infections with li fttallci siiper- 
sensitiveness develops to products of the bacillus {' mallein ’) analogous to 
that of tuberculous subjects to tuberculin Mallein is obtained from cultures 
of the glanders bacillus and. like tuberculin, is really a mixture compris- 
ing Mihstaiiccs in the bodies of the bacilli, and their soluble products, 
along w'lth substances derived from the culture medium It is usually pre- 
pared from cultures in glvtcrol broth Such cultures, after being allowed to 
grow for three or four weeks, arc stenhsed by heal either in the autoclave at 
or by steaming at KKI’ C and then filtered through paper Thefiltrate 
constitutes dilute fluid mallein , it may then l»c conrcntrated to one-tenth of 
Its volume liy evajioration ferude roaHcml or \t may be prcservcyl in the dilute 
form with the addition of j)crcent carbolic acui Of dilute mallein (or of 
the concentrated product diluted 1 10) 1 c c is usually the dose for a horse 
Foth has prepared a dned form of mallein bv mixing the filtrate of a broth 
culture. csaiKirated to onc-tenth of its bulk, with twent\-fue or thirt> times 
Its yolumc of alcohol A white precipitate is formed, wliicli is dned o\cr 
caUium chloride and tiien under diminiblied pressure A dose of this drv 
in.illcin IS (1-05 to 0 07 grm dissohed in sterile water before use 

The utr of mallein as a means af ilia^nosts In usini' mallein for the (lai;ncni« of 
jll.iml'TS the temperature of the nnimat (nifiht tobc ol«er\eil for some hours lielurehand. 
and after siil>cut.sncous injection of a suitable <l«»sc it is l.-ikcn at definite inters .ds~al 
the sixth, tenth, fourteenth and eiRblernth hours and on the next day Here Kith the 
local re.iition and the temperature are of importance in an infected anima] at the site 
ol injection thert is a someulitt lender Iwal swtllm.: uhiih reaches a dnmetrr of 
.'> inches at lexst the maximum sire not tieim; iiitaine«l nnlil twents-hmr hours afier- 
uards llic lemjx.T»luro rises t 3 to2 C .or more, the iniximom Renerall) occumnK in 
from eiKht to sixteen hours If the temperature neser rises .is much as I 3 , the reset ion 
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IS considered doubtful In the negative reaction given by an animal free from glanders 
the rise of temperature does not usually exceed 1“. the local spelling reaches the diameter 
of 3 inches at most, and has much diminished at the end of twenty-four hours In the 
case of dried mallein, local reaction is less marked Also 0 2 c c crude raallein insblled 
into the conjunctival sac, gives in infected animals a reaction correspondm" to the 
ophthalmic tuberculin reaction m tuberculosis Reactions may be obtained in glanders 
by cutaneous or intracutaneous applications of mallein. The intradermal-palpebral 
test has been much used ; 0 1 e c of a 25 per cent, dilution in salme of crude raalleio 


Iid. Veterinary authorities are practically unanimous as to the great value of the 
mallein test as a means of diagnosis But animals at an advanced stage of the disease 
may fail to react 

Serum Reactions. Shortly after the discovery of the agglutination re- 
action in typhoid fever, McFadyean found that the scrum of infected horses 

‘ * .landers bacillus, and this test has 

' the disease. The culture used for 

itisfactory by previous trial. The 
suspension is prepared from young glycerol agar cultures and is usual!) 
heated at 65® C for one hour to kill the organisms and render it safe for the 
manipulations involved in the test Serum dilutions from I in 100 to 1 in 
4,000 may be tested and after incubation the tubes are allowed to stand 
overnight at room temperature before the results are read. Normal horse 
serum, however, may contain agglutinins for the glanders bacillus (see 
Lovell), Wilson has found titresover I in 1,500 with sensitive strains. Accord- 
ingly natural agglutination must be excluded by careful quantitati\’e tests A 
titre of over 1ml ,000 is highly suggestive of the presence of glanders, The 
fixation ot complement test is also applicable in the case olghuders, and this 
has given valuable results in the hands of various observers. A precipiha 
reaction may be obtained on the addition of mallein or an extract of the 
glanders bacillus to the serum of an infected animal. These reactions, which 
depend on the presence of antibodies in the blood in glinders, fc^m important 
auxiliaries to the method of diagnosis by means of mallein. Different 
serological races of B mallet have been described. 

Bacteriological Diagnosis. Aficroscopice.vamination in a case of suspected 
glanders will at most reveal the presence of bacilli corresponding 
characters to the glanders bacillus An c.xact diagnosis cannot be made ) 
this method. Cultures may be obtained by making successive strokes on 
coagulated serum or glycerol agar, and inculiating at 37“ C. The . 

the glanders bacillus do not appear fill tivo or three days after>vards. i 
method may fail unless a considerable number of glanders baci i 
present The most certain method, however, is by inoculation oi a 
pig After intrapentoneal injection in a male guinea-pig charac 
Straus reaction is rapidly produced. If, however, there have 
organisms present, the animal may die of septic peritonitis, thoug ev 
such a case the glanders bacillus will be found to be more jj 

tunica vaginalis, and may be cultivated from this situation *' _j„ 

mixed infection, however, it is adwsable first of all to inoculate a gui ? 
subcutaneously and then cultivate the organisms from tlie 
glands. The application of mallein in diagnosis of the disease m i 
subject IS not justifiable. There is a certain risk that 
assuming a more acute character; moreover, culture ana mo 
are generally available In the case of horses, etc., a diagnosis v of 
be much more easily and rapidly effeejed by means of jn the 

the serum reactions described above. In some cases of acute g 
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human subject the bacillus has been obtained in cultures from the blood 
during life 


BACuiiuS WHITMORI (OF MELIOIDOSIS) 
{MALLEOMYCES.^OR PFEIFFERELLA, PSEUDOMALLEI) 

' Melioidosis, whicli resembles glanders closely, was first observed by 
Whitmore in Rangoon, and its mam features and the causal organism were 
desenbed by him in 1913. He cultivated it from 38 cases and gave an account 
of its characters The disease was also found by Stanton and Fletcher 
to occur in the Malay States, and they have shown that it is naturally an 
epizootic among small rodents — rabbits, gutnea-pigs, and rats , cats and 
dogs also are affected. It is believed that infection in man usually occurs 
by way of the alimentary tract, probably from ingestion of food contaminated 
with the bacilli from the fa^ces of infected rodents The clinical features of the 
disease in the human subject are very similar to those of glanders, though it 
tends to be, on the whole, rather more acute than the latter The patho- 
logical changes likewise are of similar nature, a prominent feature being the 
occurrence of caseous or semi-purulent areas in the lungs with marked con- 
gestion around them . the histological changes also have been found to.be 
practically identical m the two diseases. D u-hiimon in Us morphological 
characters and staining reactions resembles P. mallet It differs from the 
latter, however, m being actively motile, in growing on gelatin at 20® C 
m which it produces liquefaction— as it does also on solidified serum— 
and in forming a pellicle in broth The growth on glycerol agar is of 
two types, a corrugated— the commoner type — and a mucoid Tlie latter 
type produces on potato a growth similar to that of the glanders bacillus 
In culture media, acid (but no gas) is formed slowly from glucose, lactose, 
saccharose, and mannitol , indole is not produced. It is a fairly resis- 
tant organism outside the body Susceptible animals can be infected 
by scarification, by feeding, or by the simple application of cultures to 
the nasal mucosa A characteristic feature in the infected animals is a 
ihschargc from the nose and c>es. and post mortrm numerous small nodules 
are found m the internal organs With small doses of the organisms injected 
intrajKritoneally m the guinca-pig the Straus reaction {vide supra) develops 
.\pparently the disease very rarely occurs in the horse, and Stanton and 
Fletcher ha\c found that this animal is resistant to inoculation These 
observers have found that B ’ • ' 

mallet , m fact, a strain of t* 
found that a case of chroni 
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BACOLUS PYOCYANEUS (PSEUDOMONAS MRUGINOSA) 

>" ™rio«5 suppurative conditions 
of a blue^refn pi^Sr ‘characterised by the production 

3 M ^'n rod-shiped forms. J-5 to 

^ n length and about 0 j in thickness but var;^-ing considerabK- in length 

(Fig. 67) ; occaisionahy two or three are 
found attached end to end. It is actively 
motile, possessing one to three terminal 
flageHa, and does not form spores It 
stains readily with the ordinary basic 
, . , . ^ stains, but is decolorised by Gram's 

/* *( * "■nT, \ * ' W /' 

^ t*** Cultural Characters It grous 

y * ^ ^ ^ a; readily under aerobic conditions on all 

the ordinary media at room tempera- 
ture. the cultures being distinguished by 
tlie formation of a blue-green pigment. 
Growth is inhibited under anaerobic 
conditions The optimum temperature 
IS about 37® C and the temperature 
range for growth is from about 5® to 
42® C On agar the growth forms an 
abundant slimy greyish layer which 
j . V + aftenvards becomes dark green, and a 

green colour diffuses through the whole substance of the medium 
1 he colonies are circular, slightly convex, about 2 to 3 mm. in diameter after 
went} ' our to forty-eight hours, \nth a smooth surface and moist appearance 
and show the same pigmentation as the confluent growth ; after several days 
incu ation they tend to enlarge and show a thin transparent border with an 
irregular outline. In stab cultures in gcfah'it a grevish line appears in twenty- 
lour hou^, and at its upper part a smalt cup of liquefaction forms within 
or y-eight hours At this time a slightly greenish tint is seen in the super- 
cia part of the gelatin The liquefaction extends rapidly, the fluid portion 
Deing turbid and showing masses of groudh at its lower part The green colour 
becomes more marked, and diffuses through the gelatin. Ultimately liquefac- 
tion reaches the wall of the tube In plate cultures the colonies appear as 
minute whitish points, those on the surface being the larger Under a Jon- 
power of the microscope they have a brownish yellow colour and show a 
fJ!- surface, the superficial colonies being thinner and larger, 




Pta Oi. Bacillus p\ocyaitetts •. lount; 
cahure on agir 

blamed mtb dilute enrt>ol./iichsin 
X 1,000 


factiori soon occurs, the colonies on the surface forming shallow cups iv-itu 
'■ ^ ■ ■■■■ — fhf> Hpen colonies sma« 


small irregular masses of growth at the bottom, the deep colonies J 

snnerpc nf 4 ... .... . -i.-:.*:,. ..-.-£.1,^ COloU* 


spheres of liquefaction. Around the colonies the characteristic green c 
appears. On pofato the growth is an abundant brown layer resembling ttisi 
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of the glanders bacillus (g.v.). Under anaerobic conditions the green pigment 
becomes reduced to a colourless * leuco ' compound, but the colour returns on 
oxygenation. 

BiocHEsncAL Reactions. Glucose is fermented Mith acid but no gas pro- 
duction Indole is not formed. Ammonia is produced and there is marked 
proteolytic action, e.g. liquefaction of gdatm. coagulated serum, and pepton- 
isation of milk. 

From the cultures there can be extracted by chloroform a blue-green pig- 
ment, pyocyamn, which crystallises in the form of long, delicate blue-green 
needles ; it is also soluble in water. On the addition of a weak acid its colour 
changes to red A yellowish-green fluorescent pigment, Jliiorescin, is also 
produced, which is soluble in water but insoluble in chloroform. \Mien 
continuously cultivated in the laboratory the organism may lose the power of 
forming pyocyamn and on plating old laboratory cultures it may be found 
that only some colonies show the typical blue-green colour, the others having 
the yellowish or yellow-green colour of fluorescin. 

The chemical characters ol pyocyamn have been studied by Wrede and others Its 
empirical formula is C„HmN* 0, It is a phenazine derivative Along with acids, red- 
coloured salts are formed Ih'oeyanm acts as a reversible oxidation-reduction system 
and as a respiratory catalyst Tor the synthesis of fluoresem the organism requires 
magnesium phosphate and sulphato (Turfitt) This pigment is oxidisable, becoming 
converted to a yellowish-brown colour . its empincal formula is C*H,OtN 

It has been long known that D pyocyaimis is antibiotic towards certain other 
bacteria, e g C auihracti, and this has been attributed to a lytic enzyme, ' pyocyanase ', 
demonstrable in filtrates of broth cultures Recent work has shown that the antibiotic 
action IS due to the pigments of the organism, e g pyocyamn . the most active is a 
yellow pigment n-oxyphenazine, which can be separated in the crystalline state from 
old cultures (see Scboental) 

Experimental Inoculation. BactUus pyocyaiieus has distinct pathogenic 
action m certain animals Subcutaneous mjcction of small doses in rabbits 
may produce a local suppuration, but if the dose be large, spreading h®mor- 
rhagic adema results, which may be attended by septiccemia Intravenous 
injection may produce, according to the dose, rapid septicamia with 
nephritis, or sometimes a more chronic condition of wasting attended by 
albuminuria 

Pathogenicity in the Human Subject. Tins organism occurs naturally in 
the intestinal canal and is often found on the skin. It is also met with in 
water, sewage, and decajnng organic matter. Though its pathogenicity is 
rclatiNcly low it is a common secondary infecting organism, e g. associated 


intestinal irritation, pustular or petechial cmptions in tiie skin, and general 
marasmus It sometimes occurs m cystitis and pyelitis, and in otitis, usually 
associated with another organism 

Bacillus fluorescens {Pseutiomoms fiaomceHs) llns is a saprophytic 
organism which is found in water, sewage, soil, and decomposing organic 
matter. Certain plants may be attacked by it, rg tomatoes, carrots, etc.. 


of p\ oc\ anm, lliough fluorescin is produced Liquefaction of gelatin may be 
absent It IS practically non-pathogemc on experimental inoculation of 
animals 
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BACILLUS' PROTEUS (PWT£US VUIGAP/S} 


The term Proteus has been applied to agroup of bacteria, of which several 
varieties hav'e been described, vulgaris, mirabihs, cenkeri. capsuhim , 
the so-called Urohacillus septictis is also a varietj-. Organisms of this group 
are widely distributed in nature, occarring in the intestinal tract ol man and 
animals, manured soil, sewage, w’atcr, and decomposing organic matter; 
they may also be found on the skin. They are characterised by their pleo- 
morphism, hence the name, and by their rapid liquefaction of gelatin. 

Microscopic Characters. B. proteus is a small bacillu?, 1 to 3 by 0 5 p, 
straight or slightly curved, but coccoid and filamentous forms also occur, and 
a marked tendency to involution forms is to be noted. It is actively motile, 
and possesses numerous lateral flagella ; it does not form spores. It stains 
readily with basic dyes and is Gram-negative. 

CuiTURAi. Characters It grows as an aerobe and facultative anaerobe 
on all the ordmarj' media at room temperature, but best between 34® and 31® 

C. The temperature range for growth is from lO® to 43® C. On an slope 
the organism forms a moist translucent layer, which extends over the whole 
surface of the medium , in this way the bacillus can readily be separated from 
other organisms present along with it. but in mi.xed culture other orgamsms 
are difficult to separate from B proteus owing to As spreading growth. This 
t>'pc of organism is therefore spoken of as a * spreader ’ : the same spreading 
growth IS noted in plate cultures but is not invariably present. In 
stab culture liquefaction appears within twenty-four hours; it develops 
rapidly in the form of a crater, and ultimately the whole medium undergoes .. 
stratiform liquefaction and presents a turbid appearance. In gelatin plat^ 
the characters arc somewhat peculiar, especially when 5 per cent, gelatin 
used. The colonies are at first small spheres with granular centres and 
peripheral radiations c.xtending into the medium ; liquefaction soon foIloMS, 
and from the superficial colonies offshoots extend over the medium in tenim - 
like fashion, these being composed of bacilU in chains placed side ^1' 
Groups of bacilli ma}' also become separate, move over the surface of t e 
medium, and form grmvtbs at a distance — the so-caWed ‘ swann-coionies • 
On potato It forms a slimy film with a greyish-brown colour, It coagua 
imlk {without acid reaction) and later digests the casein. CoaguMed srrK 
is liquefied by some steams. On blood agar growths produce 
and a brown discoloration. A h.'emolysin for rabbits' corpuscles has 


demonstrated. . - . 

When B proteus occurs in mixed culture with other organ 

e g streptococci, its spread on the surface of the medium makes 
tion of these organisms difficult and their isolation 
Various methocls have been used for preventing spread of 
its colonies remain discrete. A I : 8.000 concentration of j oqo 

sulphate (reckoned on the basis of content of the pure substance) ° • T pf 

‘ Dispersol LK ’ {I.C.I.) in agar bai’e this effect while pemwUing ^ 
staphylococci, streptococci, and the Gram-negative j agar 

(Lominski and LendnimJ For blood agar add first to the 
Dispersol LN to a concentration of I ■ 500 and mix, then ada 
oxalated horse blood {which should be less than a week o )• 
method is to use a medium contmnii^ 5 to 6 per cent agar. 

Biochemical Reactioks. B. proteus forms acid and of 

glucose and does not ferment lactc^ or mannitoh but the ^ the 

saccharose and maltose and the production of indole vanes ac 
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type of organism , indole production is correlated with maltose fermentation ; 
saccharose fermentation is characteristic of most strains though this propert}* 
may be lost in laboratory cultures , salicin is fermented bj' the majonty of 
strains As noted above B. proiem is strongly proteolydic and forms sulph- 
uretted hydrogen in cultures , it reduces nitrates, and ammonia is produced 
from urea. 

Vanants. The property of liquefying gelatin may be lost after prolonged 
artificial cultivation and it may be noted here that some systematists now- 
place in the Proteus group the organism which has been generally designated 
Morgan’s bacillus, this organism being non-proteolytic, though under 
certain conditions it shows the ‘ spreading ' cliaracter of growth and has 
serological relationships to B. proieus Non-motile variants of B proleus 
. . '' spread ' like those of the 

may also be distinguished 

‘ A’ ’ types Forms of B proleus ha\-e been isolated from the urine in 
‘ ’ ' '* - V ‘ X 2 ') , and the serum in 

often in marked degree. 

• in diagnosis The agglu- 

. • •!> type. B. proleus X IQ 

differs serologically from other strains It ferments maltose and salicin, 
and produces indole. A further variety named ' Kingsbury ’ or ’ XK ’ 
IS agglutinated by the serum from cases of typhus-hkc illnesses in the 
Far East and this reaction is also applied for diagnostic purposes This type 
does not ferment maltose and sahan, and docs not liquefy gelatin The 
\Veil-Feh\ reaction will be discussed m the chapter on typhus fever 

Experimental Inoculation. Strains of this organism isolated from septic 
lesions when injected subcutaneously in laboratory animals produce cither a 
localised inflammatory lesion with pus formation or a spreading mflammatorv 
cedema and septiciemia with fatal result 

liesions in Human Subject. .Mthough some cases of pure infection by 
this organism have been dcscnbe<l, eg pleurisy, meningitis from middle-car 
disease, etc , the bacilli generally occur along with other organisms in septic 
inflammations, such as cystitis and pyelitis, cndomcintis, jxiritonitis, etc 
B. proteus is common also in gun-shot and other contaminated wounds 
Cases of gastro-cntcntib, including (ood-poisoning, have been attnhutod to 
B proleus by certain observers , and the organism is a frequent concomitant 
of B dysenlertcr infection, occurring often in large numbers m tlTc stools in 
late stages of the disease 

Organisms which arc probablj related to B proleus have l*ccn described 
moza.na,cg CoccobacillusfieltdusoztrneeolVcTCZ Theyappear to lie respon- 
sible fur the fcctor and sccond.ary effects in this condition 

BACILLUS F^CALIS ALKALIGENES (ALCALIGENES FJ'.CAUS) 

This organiMn is a motile, Gram-ncgativc. non-sj>oring Uacillus resembling 
the cohfonn bacilli m Us morphological and general cultural characters It 
is, liowcwr. dcsoid of fermentative properties towards anv of the carl>o- 
hxdrale substances used m the testing of the organisms of that group {iiJe 
I liapter XIII) Indole is not formed. Growing in milk it produces marked 
alkalinity and on MacConkey's medium the colonies show a jcllowisli rone 
round them <!ue to alk.ah proiluction and colour change of the neutral rctl It 
does not luiuefy gelatin The classical tjq>e is actixelv motile, but reports as 
to the numlxT an<l amngemcnl of Us flagella vary Multiple psTilnclious 
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flagella have been described, but strains are met with possessing a single 
terminal flagellum like that of certain vibrios. Non-motile strains with 
otherwise the same characters as B. facatis alkaltgenes may be met ivith, 
and it seems probable that organisms classified under this designation 
represent a number of varieties. 

This type of organism may occur occasionally in small numbers in faces 
from healthy persons. In certain pathological conditions of the bowel large 
numbers may be found in the stool, often replacing to some extent the normal 
cohform flora, c g. in late cases of bacillary dysentery {q i/.) and in non- 
dysenteric diarrhosa. Blood infections with B.facalis alkahgents have also 
been described in cases presenting a tran<5ent febrile illness. 

some difficulty. American 
■ • the Rhizobiaceit (p. 42). 



CHAPTER XIII 


THE COLIFORM BACILLI AND THE PNEUXIOBACILLUS 

In 1885 Eschench described the Bactlltts coh communis, the classical t}’pe of 
those organisms designated collectively B coh or 'coliform' bacilh, which 
occur normally in the intestine and to which the typhoid bacillus is biologi- 
cally related While ordinarily B coh is a harmless commensal, it maj’ 
manifest pathogenic properties under certain conditions. Previouslv the 
organism known as Bacillus typhosus had been described in 18SQ-81 by 
Eberth. who observed its microscopic appearance in the intestinal ulcers and 
in t|ie spleen m cases of typhoid feVer It was first isolated (from the spleen) 
in 1881 by Gaffky, and its cultural characters were then investigated. These 
two organisms belong to a large group (often designated the coli-typhoid 
group) isolated from the intestinal contents and from various intestinal 
infections, which bear resemblances to one another, and whose differentia- 
tion is m certain cases a matter of some difficulty. Among other members 
of this group are the paratyphoid bacilli. B enieniidts of Gacrtncr and 
other organisms associated with a form of * food poisoning and the 
dysentery bacilli 

The general characters of the group are as follows The organisms, which 
are microscopically indistinguishable except in regard to motility (and the 
possession of flagella), this character \ar>nng mth different members, are 
non-sponng bacilli whose average sue is *2 to 4 /• by 0-5 ;« . their flagella when 
present are distnbuted all round the bacillus. i.e. pentnclious , they stain 
with ordinary dyes, and arc all Gram-negative They are aerobes and faculta- 
tii’c anaerobes . with a few c.xccptions, their optimum temperature for 
mu ' ^ . 1 media they tend 

to olytic and do not 

hqi is property Ivuie 

»«/■ , ■ . cs in their action 

on sugars and other carbohydrates A pnmary classification of the group 
has been based on the fact that «liilc the typical coliform bacilli produce 
acid and gas from lactose, the typical pathogenic members ha\ c no effect on 
this sugar , in the ultimate differentiation of these organism? vanous other 
biochemical projxirtics and ih vitro immunity reactions arc of essential 
importance 

In this and succeeding chapters the imjiortant organisms to be dealt 
with nmU be grouped as follows: (1) those which ha\e l>cen generally 
designated Diicillus coh and occur mainly as commensals m the bowel 
of mammalian animals, including Bacillus aeroi^ciics tj-pcs , (2) the tj^phoid 
and paratyphoid bacilli, associated with cntcnc fever , (3) tlic organisms 
of ' food-jioisoning ‘ (acute gastro-ententis). and (4) the dysentery bacilli. 

It must be recognised, howeser, that there is no shaqi dinding line as 
regards biological characters between the cntcnc fever organisms and those 
of ■ food-poisoning and in recent classifications these organisms have been 
pLaced in one biological group or genus designated isahnonella Their 
M?p.irale consideration here is based on their relationship-, to different 
rhnic-al conditions 
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BACILLUS COLI OR COLIFOEM BACILLI {ESCHEKICHIA) 

The designation liactllm colt is used here as a collective name applicable 
to a variety of types presenting well-marked common characters though 
(liftenng in bioclienncal reactions and in certain otJjcr features. B. coU 
commums (Esclierich) referred to above represents only one type. It is con- 
venient to describe t!ic group as a whole, indicating the differences among the 
more important types 

Micnoscoi’ic CnAKACTKHS. These arc best seen in young broth 
or agar cultures. The bacillus is iisnalU' 2 to ■! /< long and about 0-4 to 0-5 ft 
broad ; longer forms up to S or 10 ft arc not infrequent, and short cocco- 
bacillary forms are also noted. The size may' dej>end greatly on the medium 
in whicli tlie organisms are growing (Fig.s, C8, fiO). Motility varies with 
different types and under different growth conditions in the same strain. 
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Fig oS DaeiUiis coh Film preparation 
from a tnent>.foiir hours’ cutlure m 
glucose tiroth 

Stained n-ith dilute c.-ifbol-fiichsin x I 000. 


Fic. <:*. DanUus tail. Film preparation 
from a iwent'dour hours culture in 
dilute peptone «atef— the same straw 

StalnMwfthd'iIutccarboJ-fuchsm. /I, WO 


Some strains are capsulatc. The organism may stain someuhat faintly 
simple dye solutions but is readily demonstrated with dilute carbol-fuchsin , 
it is Gram-negative. In older cultures the bacillaiy’ protoplasm may 
lated and the organism may* appear swollen. By’ appropriate staining 
motile varieties can be showm to possess flagella distributed all 
organism, varying in number, but generally less numerous and shorter a 
those of B. typhosns ,. 

Cultural Characters on Ordinary' Mcdla. Growth occurs on 
media under both aerobic and anaerobic conditions the optimum e 
perature for most types is 37® C. and the usual temperature 

growth 15° to 44® C , certain types have a slightly' lower optimum an o 

flounsh above 42° C. e.g strains of B. aerogeites (vide 
inoculation on agar yields after twenty’-four hours at 37° C. a somew a • 
moist, glistening, greyish-white growth along the line of inocula 
agar plates the surface colonies are relatively large (2 to 3 mm. a er 
four hours) greyish-white, moist, drcular disks ; the deep colonies are 
and lenticular m shape and under aloYv power of the microscope appe 
dense to transmitted light. Colonies Y’ary in size, thickness. or 

structural features among different strains, and in certain cases a 
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viscid character associated \vitli the fonnation of capsules is observed In 
fact, certain tjTies (e B aerof^enes) are charactensed by their large, slimy, 
or mucoid colonies {vide infra) The colonies may remain circular m outline 
or become irregular as growth continues. * Rough * colonies corresponding 
to the rough variants noted in the typhoid-paratyphoid group may also be 
observed. In stab culture in gelatin an abundant film-like growth takes 
place on the surface, and there is a whitish line along the stab without 
liquefaction of the gelatin (Fig 70) Certain at^qiical members of the 
group (e-g li cloaca) may iKjuefy gelatm slowly In broth, typical strains 
produce a uniform turbidity On potato, in forty-eight hours there is a distinct 
film of growth, usually of a bromnsh-yellow tint, with a moist surface, which 
rapidly spreads and becomes thicker. The apj>earance on potato, howcicr, 
varies much with the different strains and also with 
the reaction of the potato 

B coh is facultatively autotrophic, being able to 
grow even m distilled water by utilising carbon dio\ide 
and ammonia from the atmosphere (Bigger and Nelson). 

BiociiEMicAiy Characters and Cultural Kl- 
ACTioNs IN Special Mcim Various media ba\e 
been used for the appreciation of special characters of 
the coliform bacilli These reactions depend upon 
the capacity of the organism to originate chemical 
changes on a variety of substances 

Fermentative reactions D colt shows great powers 
of sphtting...up carbohydrates with the formation of 
acids, especially lactic acid, and gases, chiefly carbon 
dioxide and hjdrogen Certain types, however, classi- 
fied as U colt anaerogenes {vide tnfra) ferment carbo- 
hydrates without gas production Peptone water or 
casein digest with an indicator, eg litmus, neutral red, 
or Andrade’s indicator, in Durham's tulics, is used, the 
carbohydrate to be employed being added in the pro- 
portion of t to I per cent The fermentative capacities 
of coliform bacilli are lery wade and vaned The 
common types produce and and gas from glucose, lac- 
tose, laivulosc, gal.actosc, maltose, rliainnose. arabinosc, 
mannitol, xylose, glycerol. Certain \ancties ferment saccharose. rafTmosc, 
dulcitol. adonitol, inulin, ccllobioso, dextrin, and even the lienzol derivative 
inositol {vide tabic of sugar reactions, p SW) Glycosides mav aNo be 
fermented eg salicin, arbutm Certain types fail to produce gas when 
growing in a lacto-e medium at If- C (Eijkman’s test), though typical 


Flo *0 Stab culture 
ot BftciiUi (oU lit 
gelatin, nine da\*s' 
vrowtl) . ilie gebnn 
IS spilt III ilic touer 
part owiiiR to the 
formation of Ris 
Nttiinl sue 


Strains ha\ c this properly 

In cultures in gelatin made from fresh meat sometimes bubbles of gas 
appear from the fermentation of the glucose present m the meat (I'lg 70), 

The reaitions of B colt in some media other than simple sugar solutions 
likewise ilcjicnd on sugar fermentation On .U<icC««Arv’s bile salt neutral red 
lactose agar the typical strains of coliform bacilli yaeld characteristic rose- 
red colonies due to tlie fermentation of the lactose and the Colour change 
1)1 the neutral red produced bv the acid reaction Some strains, howeser. 
e\cn though thev ferment l.ictosc may not yield the ispical rose-red i olonies 
within twcnt\-four hours incubation. 

If It coll lie grown m vnlk. eg litmus milk, acid i> produced from the 
lactose jiresent, which further curdles the milk Tlie acid reaction apjv.irs 
to K* jx'rmanent when growth is allowed to go on for some ilays 
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Carbon dioxide : hydrogen ratio. As has been said, the gases produced 
by B. coh in fermenting sugars are chiefly carbon dioxide and hydrogen. 
Some importance has been attached, first, to the amount of gas formed from 
a given quantity of glucose in a given time, and, second, to the ratios of the 
two gases to one another in such a fermentation. According to Harden and 
others, coliform bacilli may be classified according to their COj . ratio 
In some cases the ratio is approximately 1 : 1-2— the typical coliform bacilli 
(vide infra) ; in others 2-3 * J, as exemplified by B. aerogenes (vide tnfra) 
For the observation of this the following method can be used • fermentation tubes, 
•with the closed lirob graduated, containing 3 per cent peptone and J per cent glucose 
in tap water, are inoculated and incubated for forty-eight hours at 37“ C. The tube is 
allowed to cool and the total amonnt of gas noted. The bulb is then filled wth 2 per 
cent sodium hydroxide soJation, the opening clewed with a rubber stopper and tie con- 
tents are thoroughly shaken After the gas has "been collected in the closed arm the 
ratio of the hydrogen left to the original gas volume is read. 


Voge&-Proskauer readton This reaction is not given bv the common 
types of B. coh, but as it occurs with certain members of the group it u 
of importance m differentiating types. It depends on carbohydrate feiroen- 
tation and is due to the formation of acetyl-methyl-carbinol from glucose 
A tube of gJucose peptone solution is inoculated and incubated for tModa 3 's. 
Then 2 c,c of a 10 per cent, solution of caustic potash are added and the 
tube IS allowed to stand for several hours or overnight at room tempera- 
ture A red fluorescent colour is produced, causing the medium to resemble 
a weak solution of eosin The characteristic colour is attributed to a reaction 
between diacetyl (formed from acetyl-methyl-carbinol in the presence of 
alkali on oxidation by atmospheric oxygen) and a guanidine constituent of 
the peptone 

It IS stated by some workers that the optima) conditions for the reaction are given 
by a culture incubated at 30* C for two days. 

O’Meara's modification of the test is more delicate than the original 
minute amount of creatin is added to the culture and then 5 c c of 40 per cent ‘ 
hydroxide, and the tube ts shaken A positive reaction is denoted by the appear 
within 3 few minutes of a pink colour, ivitbout fluorescence. , , 

BarriU's modification The medium is glucose phosphate peptone (see Appe ■ 
care must be taken that a suitabje peptone is used and that the medium does ^ ^ 
give a positive reaction Cultures m 4 c c of medium m 6 in by 6 in 

37® C for two to three days TJicntoIcc of the culture are added 0 0 c c P , 
solution of aipbanaphthol in absolute alcohol (industrial spint must not e “ 

0*2 c c 40 per cent KOH solution and the mixture is shaken A positive i 
shown by a pinkish colour which appears in tvio to B^'e minutes and qi j 

or crimson, reaching its maximum within one hour Absence of colour a 

faint trace of pink, is read as a negative reaction ; later a coppery colour eve p ^ 

negatives , _ 

Methyl-red reaction. This depends on the limiting 
tratJon attained by growth in a standard ^glucose peptone medium co 
a standard amount of dipotassium phosphate, and has been u t ' 
with the VogeS'Proskauer reaction, in classifying coliform 
from water supplies The common types found m excreta an °ction. 
duce a high concentration, along tvith a negative . resuhu’? 

Methyl red added to the culture is used as an indicator o uy^j^ogeO' 
hvdrogen-ion concentration. Oi^anisms producing high ano _ 
ion concentrations are described as ' Methyl-red positive an ‘ is 

Keeative ' respective]}’. For demonstrating the reaction, t & 

^own ir- «’ater medium contammg 

p to 
ilour 
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noted : a red colour indicates a * podtive a yellow colour a ' negative ’ 
reaction. It has been pointed out recentlj' that optimal conditions for the 
test are provided by a culture which has been incubated at 30° C for five 
days (Levine). 

Production of indole. The typical coliform bacilli produce indole in 
peptone water. The methods are given in the Appendix, and for the detection 
of the reaction the use of Ehrlich's rosindole test is most satisfactory Two 
peptone water tubes may be inoculated, and if the reaction is not obtained 
m one after two or three days' growth, the other should be incubated for 
seven to ten days and then tested Where a faint reaction is obtained, it is 
well to corroborate the presence of mdole by dissolving the rosindole out with 
aniyl alcohol as desenbed. 

Another procedure which some workers regard as more sensitive is to add 1 c c of 
ether to the culture which is then thoroughly shaken so that the indole is extracted and 
separated by the ether 0 5 c c of Ehrlich's reagent is then added 

Cilrate-uiihsation. The typical varieties of B. coh are unable under 
certain conditions to use citrate as a source of carbon, but atypical forms, 
e.g. B. aerogenes, possess this properly and will grow m a sj’nthetic medium 
containing sodium citrate For testing purposes Koser’s medium is used 
1-5 grms sodium ammonium hydrogen phosphate, 1 grm potassium di* 
hydrogen phosphate, 0 2 grm. magnesium sulphate and 2 grms sodium 
citrate, made up in a litre of distilled water A very small inoculum must be 
used otherwise a fallacious positive result may be obtained Growth m this 
medium with sisible turbidity wiihm ten clays indicates utilisation of the 
citrate. (For another formula see Appendix.) 

Aclion on neulrai ud When D. tolt is grown in neutral-red lactose broth, a rose- 
red colour, the efiect of the acid upon the dye, is at first seen Frequently this is suc- 


types of D (oU though at one time used for the purpose i 

lUdiiction of nitrates. D coh is generally capable of reducing mtratc% to nitrites. 
I'or this test, a medium is used consisting of 10 grms of peptone in 1 litre of ammonia- 
free distilled water, and 2 grms of nitnlc-frce potassium nitrate The medium is 
filtered, tubed, and steamed for hall an hour on three d.vvs Tubes arc inoculated and 
incubated lor forty-eight hours, the formation of nitrites being now tested lor by Ilosva> 's 
method The following solutions are required (n) sulphamhc acid, 0 5 grm dissolved 
inlSOcc distilled water and •'10 c c glacial acetic acid . (b) 0 1 grm a naphthylamine is 


study of /I coh t> pcs 

HtTviolvsis According to Dudgeon and ntliers, certain strains of B colt 
jiossoss dihinct hxmolytic properties toword human blood, and tlie^; arc 
sj>cci.allv prcvalint in acute infections of the unnar> ststcin. \\Iiorc.\s such 
ha-inolytic strains arc uncommon in the fxecs The test for lia.niol\sis is 
earned out bv growang tlic organism in peptone solution to which blood has 
Ix^n added 

.\ot.LUTlNATioS Kfactions Ok B CoLl A study of the agchitination 
rc.ictionsof this group with the sera of aniinaU immunise<l with vanous 
strains, lias generally shown an extreme antigenic heterogeneity Tlius, tlic 
.iction ol the agglutinins may l»c rcstnctcil to llic individual strain used foi 
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immunisation. It has been claimed, howeVcr, that haemolytic strains 
derived from urinary infections are serologically related It is of interest that 
some strains of cohform organisms from fa;ces show H agglutination \nih 
antisera to members of the Salmonella group. 

Pathogenicity oi Bacillus Coli. Organisms of this group are frequently 
associated with inflammatory and suppurative lesions in -various parts of 
the body. 

Under e.Kperirnental conditions tlic virulence of these organisms varies 
greatly and can be increased by passage from animal to animal Injection 
into the serous cavities of rabbits produces a fibrinous inflammation which 
becomes purulent if the animal lives sufliciently long. If, however, the 
virulence of the strain be of a high order, death takes place before suppuration 
IS established, and there is a septicamiic condition, the organisms occurring in 
large numbers in the blood. Intravenous injection of a few drops of a Mrulent 
broth culture usually produces a rapid 
septic.Tmia with scattered h.-Bmorrhages 
in various organs. 

. Cohform bacilli arc found in a great 

many inflammatory and suppurative 
conditions in “ connection with the 
\V alimentary tract— for example, in sup- 
puration m the peritoneum, or in the 
cxtra-pcritoncal tissue^ with or without 
perforation of the bowel, in the peri- 
tonitis following strangulation of the 
bowel, in appendicitis and the lesions 
following it, in suppuration in and 
around the bile ducts, etc. It may 
. also occur in lesions in other parts of 

the body— endocarditis, pleunsy*. etc , 
Fic. 71. Film from unnan’ s<><iimeni showing jn some cases are associated With 

siamed w ith dilute cMboi-fuchsin x 1,000. Icsions of the intestine, though in othert 
such cannot be found. It U frequent > 
present in inflammation of the urinary passages, cystitis, pyelitis, 
in the kidneys, etc., these lesions being in fact most frequently caused } 
group of organisms (Fig. 71). Infection of the pelvis of the kidney maj e 
sequel to cystitis, t.e an ascending infection, but cases are common in w i 
the organism has reached the kidney either by the blood stream, 
been suggested, by communicating lymphatics from the bowel. ^ . 

small numbers of cohform bacilli may in healthy persons gam acce« 
lymphatics and even the blood stream , these are rapidly 
certain conditions of lowered resistance may become • ..^ce 

kidney Obviously the intestinal mucosa presents a high degree o r 
to these organisms whereas other tissues are less resistant. Pj c i 
coliform bacilli is frequent in female infants and presents c 
clinical features Cohform bacilli are also found in jjjness 

usually in association with other py<^enic bacteria. An acute ^ ^ 

has follow-ed inhalation of dust from low-grade cotton heavily m e 

bac • *' this is apparently due to u> 

' cultivated from various I®®* 

are more virulent than the ordinary intestinal strains, from 

been heightened by growth in the tissues. Sanarelli * '^those isolated 

typhoid stools were more vinilent for laboratory animals than 
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irom healthy persons. Coliform organisms are probably- active secondary 
invaders when the mucous membrane is damaged by some other agent, as in 
enteric fever, dysentery, etc 

While coliform bacilli are normally harmless m the intestine, it seems 


Isolation oi B. Coli. In the case of abscesses or infection of the kidney 
or bladder, etc., the isolation of the organism is easily accomplished by 
moculating plates of MacConkey’s bile-salt neutral-red lactose agar with 
the pus or centrifuged deposit from unne Tlie colonies are usually char- 
acterised by their rose-pink colour. WTiere there is a mixed infection 
with such organisms as streptococci, for diagnostic purposes cultures should 
be made also on other media, e g blood agar, to obtain a satisfactory grow th 
of these as well as B coU since the bilc-salt of MacConke>'’s medium may 
inhibit the associated pyogenic organisms 

The Recognition of Typical Coliform Bacilli and the Classification of these 
Organisms. The work on B coh, especially m relation to Us occurrence m 
water, has revealed the existence of a very laige number of varieties of the 
organism These differ from one another in certain biological characters, e g 
motility, fermentation reactions nith sugars, indole formation, etc (vtde 
infra) Some difference of opinion has existed as to \\hat characters are to be 
looked upon as typical characters, t.t. characters shared by the greatest 
number of varieties present in faeces and therefore, when present, significant 
of cxcrctal contamination. 

Til 0 of the original standards may be alluded to First, that of an English 
Committee who reported in 1901 on the standardisation of methods for the 
bacteriological examination of water According to them. B. colt is a small, 
motile, non-sporing bacillus, capable of growing at 37* C , Gram-negative, 
never hquofyang gelatin, producing clot and permanent acidity of milk 
within seven days at 37° C . fermenting glucose and lactose, uith, m both, 
acid and gas formation — subsidiary characters being the formation of indole, 
the formation of a thick ycllomsli-brown growth on potato, production 
of fluorescence in neutral-red media, and reduction of nitrate*, A similar 
Amcncan Committee looked upon the typical organism as a non-sponng 
bacillus, motile, fermenting glucosc-brotli, with the formation, in the 
closed Umb of the fermentation tube, of about W) per cent of gas, of which 
about one-third is carbon dioxide, causing acid and clot in milk m forti -eight 
hours, not Iiqucfjang gclatm, producing indole, and reducing nitrates 

From investigation not onl\ of strains isolated from pathological condi- 
tions, but in connection with the bacteriology of water, milk, and fa-ccs, it 
had been found that a very large number of Gram-negative bacilli exist 
whicli have in common the capacity of fermenting glucose and lactose, but 
which also present mdividua! dificrcnccs The work of MacConkcv first 
ojwncd the way to the practical clawification of these organisms It was 
shown that certain of the tests originally applied ga\c little signilicant 
information, e g ohserx'ation of fliioresccnec m neutral-red lactose media (on 
account of the inconstancy of the occurrence of this change), the reduction 
of nitrati*s (this lieing a common projicrtv of nearh all the mcml*cn> of the 


to the following criteria motililv, fermentation of tliilcttol, s-iccharose, 
adomiol, inulin. inositol, the formation of indole, the Voges-lVoskauer reaction. 
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and liquefaction of gelatin. This classification of MacConkey elicited the 
fact that certain biological types are special!}' prevalent in the feces of man 
and animals ; e.g- the type designated by him No. 71, which corresponds 
to the organism often spoken of in bacteriological literature as B. cofi 
communior {Escherichia commttnior), and also B. coli commums, Escherich 
{Escherichia coU). The only difference between the two is that No. 71 forms 
acid and gas from saccharose, [vide table of characters, p. 382.) 

Typical { ‘/cecal ’) calif onn bactlJi. Studies of this group have now sboim 
that the most prevalent and characteristic colifonn types found in fii?ces 
present the following common positive and negative character.^ ; fermenta- 
tion of lactose with gas production, production of indole, absence of fermenta- 
tion of inositol, absence of gelatin liquefaction, a COj : Hj ratio of 1 : 1-2, 
a negative Voges-Proskauer reaction, a positive methyl-red reaction, non- 
utilisation of citrate in Koser's medium, and ability to produce gas from 
lactose at 44° C. (Eijkman reaction). The recognition of these characters 
’ ' • ’• ‘ f—'^—^icar 

. ' m. 

adlH 

have in common the property of fermenting inositol, and this affords ^ 
important classificator}' critenon Such organisms are exemplified by B. 
(lacUs) aerogenes {vide Table, p. 362). This type was originally described bj 
Escherich in his work on the intestinal flora of children ; he pointed 


colonies and fermentation of adonitol. In-addition, the V^oges-Proskauei 
reaction is frequently positive, the COj : ratio is appro.vimately 2 . 3, 
methyl-red reaction is usually negative and citrate-utilisation is a * 

istic feature. These t j'pes have a somewhat lower optimum temperature t 
the typical cohform bacilli and do not produce gas from lactose • 

(negative Eijkman reaction) It has been pointed out, however, ‘ 
climates w'lth a high mean temperature strains isolated from water 
a positive Eijkman reaction (Boizot). The separate designation, B 
(rierofiflrirf) IS often applied to all such organisms To this sub^oup e 
sulate Gram-negative bacilli found in the respiratory tract are close y r 


eg the pneumobacillus. . - 

The question arises as to whether gelatm-hquefymg, Oram- ^ 
bacilli which correspond m other characters to B. coli ava 
the cohform group Among the Jactose-fermenters classified by ' 
certain gelatin liquefiers, otherwise resembling B. aerogeties, ^ . one 

e.g B. cloacce, etc , and various authonties have accepted this rea 
of the possible characters of the group. Such organisms maj h 


however, as quite atypical. 

Another category of 
gas production is abse 

anaerogeytes [vide Tabic, ^ , • u 

from the group of dysentery bacilli presents some difiiciiit^ 

r- .e .... ..f __.j harilh. 1 


K-dlh is that in which 

,cntattons-B. c* 
of certain of the.e 


3m the group of dysentery bacilli presents some _ among tbe 

Significance of typical and atypical coliform baciUi. > 
coliform bacilli there are on the one hand the typical o , 
above, which predominate in the 'faeces of man and are tebti'’^^-' 

other, atjqiical organisms, exemplified by B. aerogenes, " ^ e.tiremes. 
scanty m the intestine of the healthy animal. Between ah® 

howei’er, there are many intermediate atypical a- ^ of water 

relative!}- infrequent in ixees. From bacterioiogica 
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supplies it lias been showTi that while the typical forms have only a limited 
power of sur\’ival in ordinary enwonments outside the body, the atypical 
♦!.« ^''•jnd fre- 

Thus, 
il ’ and 


' non-fa;cal ’ respectively, but such nomenclature may be somewhat mislead- 
ing. It must be emphasised that practically all vaneties have been found 
in' the intestine ; and atypical forms even when not detectable in fieces by 
ordinary methods can be demonstrated readily by selective enrichment 
Further, in abnormal conditions of the intestine the atypical forms may 
predominate {see Knshnan and Chawla) Tlie separation of typical from 
atypical coliform bacilli is nevertheless of the greatest value «hen IS colt is 
utilised as an indicator of recent faecal contamination In this case the pres- 
ence of typical organisms is significant , the occurrence of atypical forms is 
of less significance. 

'While the characterisation of the typical coliform bacilli given above is 
generally applicable, the importance attached to particular properties has 
vaned Special stress has been laid by some WTiters on citrate-utilisation as 
a feature of the ' non-fa;cal ’ tJTpes This propertj’ is certainly uncommon 
among strains isolated from fxccs. while it is an almost constant feature of 
the B aerogenes subgroup. On the other hand citrate-utihsmg organisms, 
otherwise typical (the so-called ‘ intermediate ' types) may sometimes occur 
in the Intestine : moreover typical coliform bacilli may acquire tlie propertj 
of utilising citrate. Carpenter and Fulton, from a study of ‘ intermediate ' 


ot colilorm bacilli ol bovine origin that all inositoMermcntmg strains utilise 
citrate, while among the non-inositol fermenters there is a close negatne 
correlation between citrate utilisation and tlie indole reaction Indole forma- 
tion has been generally accepted as an important cnlcnon m the recognition 
of typical B coh. In charactensing cxcrctal coliform bacilli from water 
Bardslev, however, has considered that a negative indole reaction is in- 
sufficient b\ itself to exclude an organism from this category Kulp kept 
strains of B coh in sterilised soil and found indole production \-anablc, some- 
times positiic, sometimes ncgati\c Another feature of the tjpical B coh 
which has lx:cn referred to by some workers is the absence of fcnncntation 
of cellohiose, a propertv po^«t'i.sc<l by i-anous atV7McaI organisms, hut it is 
doubtful whether this reaction differentiates lictwcen ' farcal ' ami other 
strains Kcccntl> Wilson and his co-workcrs ha\c classified strains into sub- 
groups on tlic basis of tlie niclh\I-rcd, Vogcs-Proskaiicr, citrate, indole. 
Ihjkman. and gclatin-lujucfaclion tests Tims strains of lactosc-fennenting 
coliform b.icilli winch are metlij 1-rcd positiic, Voges-I’roskaucr negatu c. non- 
citrate-iitihsing, and indoIe-jxiMtixc, constitute the lyf>ical or final colt/ortti 
bactllt Strains similar to the alxwc except that they are imlolc-negative arc 
regarileil as doubtful Strains which arc mcthvl-rcd iiegatnc. Voges- 
Pro'kaiier ’ ■ • • * d as // aerogene'i Strains 

wbuh .are ■ ■ ' negative, and citratc- 

iitiliMiig ai , ■ ■ ' . freiindit in the American 

nomeiicl.iturei The two latter categoncs are rrgardeil as timi-fnal Tor 
further ik tails their monograph should Ixr consultcvl While muIi chsMhc.i- 
tions arc of practical value in the examination of water supplies with referenre 
to reieiit )H)lliitton with sewage, it imM lie liorne m min<I tint from a bio- 
logical jKiint of view they iiiav lx? to a considerable extent arbitrarv 
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Paracolon bacilli. This designation has been given to coliform bacilli 
which differ from the t>’pical organisms mainly in respect of the absence 
of lactose fermentation. Some of these organisms, howev;cr, may show late 
fermentation of this sugar and the organism designated B^coli mu/abtlis [vtde 
infra) might be placed in this group. Such types are infrequently found in 
normal ficccs, and hence their presence, often in large numbers, in the stools 
in pathological condition.s, e.g. enteric fever, dysentery, etc., has attracted 
special attention, particularly in tropical countries. This has suggested that 
they may have a secondary pathogenic role. They have also been observed 
in large number in simple diarrhoeal conditions, in urinary infections and even 
blood infections, and the jiossibility of their having primary', though weak, 
pathogenic propertie.s has been considered likely by various observers The\ 
have been regarded as biologically' intermediate between the true coliform 
bacilli and the specific intestinal pathogens. In diagnostic work the^ come 
under review in the first place because their colonies on a lactose medium 
with acid indicator, such as MacConkey s, are similar to those of the typhoid- 
paratyphoid and dysentery bacilli, and moreover some strains e.vhibit bio- 
chemical reactions SI mil.ar to those of the paratyphoid bacilli (videlshk, 
p 362), eg fermenting glucose and mannitol with gas production and not 
fermenting lactose and saccharose . certain of them also ferment dulcitol 
They can often bo differentiated, however, from the paratyphoid organisms 
by the fermentation of saccharose, indole production, and by late lactose 
fermentation Some strains arc wotile, others non-motih. As regards the 
indole, methyl-red, Voges-Proskauer and citrate-utilisation reactions, some 
correspond to the typical B. colt, others are like B. aerogenes and, but for 
absence of lactose fermentation, many would be regarded as true coJiro 
organisms The fundamental question arises, thcrefore.'as to significanc 
to be attached to lactose fermentation as compared with other . 

reactions , all these so-called paracolon bacilli might justifiably be cia 
as atypical coliform bacilli. Serological tests usually separate them cieany 
from the specific pathogenic intestinal bacilli It is of interest, ' 

that known Salmonella antigenic constituents may be found 
organisms (see Edwards el al , Stuart el al .) ; also they 
same degree of serological heterogeneity' as other coliform baci i 
paracolon strains contain the typhoid Vi antigen (Marmion). _ rhaoler 

Variation and inutalton in the B. colt group has been riamed 

I. Variation in fermentative properties is well illustrated by the 
B colt mulabths in which colonies develop papillm diffenng a stable 

strain in the power lactose and from these papi * ^ 

variant is derived 

be lost In certain • i ' 

different colonies when these are cultivated separately- > and 

of practically all characters of these organisms has been 
certainly an outstanding feature of the group. While some ^^jture 
marked variability, others may remain stable for habitat 

It is of course possible that variation is most active in " to'Parran'^ 
and that laboratory cultures become stabilised. ^ environ- 

Caldwell when coliform badlli are subjected to a sudden an j,/ferent 

mental change, variants are formed giring rise to 

biochemical types. D’HercHe has recorded such variation u 

of bacteriophage and suggests that B. co/f phages m colony 

bring about a mutation of B. coH to B. aerogenes. be 

characters is also frequently noted, and, as in other ^° P ’,(. characters 
dissociation with partial or complete loss of the origina a g 
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PNEUMOBACILLTTS OF FRIEDLANDER 
(KLEBSIELLA PNEUMOKLE) 

This organism is of historic interest, as it was the first organism cultivated 
from pneumonia, and it was confused with the pneumococcus It does not 
occur alone in more than about 1 per cent of cases of pneumonia , in the 
pneumonia caused by it the consolidated lung has often a somewhat slimy or 
mucoid character. It is biologically related to the coliform bacilli 

Microscopic Characters In the sputum it may appear as a very 
short diplobacillus (1 to 2 /< by 0-5 to 0-8 /<) possessing a well-developed 
capsule, but it is also frequently seen in the form of long rods It is 
Gram-negative, non-motile, and non-i»ponng (Fig 72) Capsules can be 
demonstrated in cultures by relief staining (Fig 73) 

Cultural Characters It is an aerobe and facultative anaerobe, and 
can be easily isolated on agar plate’:, on which it forms large wliitish moist 


V>‘ 






Fto 7 i>, Fnnll3nder's po^umobacillu* . 
(rom a young culture on agar, showing 
rod-ship^ lofirs 

Stained with <arbol-thionin x 1,000 



Viscid colonies (cf D aerogeiie^) Non-miicoid vanants may be derived from 
the ongmal mucoid organism In gelatin stab, at the site of the puncture the 
growtli is sometimes heaped up above the lc\-cl of the medium, and along the 
wire track there is a wiiitc granular appearance The gelatin is not 
liquefied The organism grows well on all ordmar% media 

Biochemical Reactions Tlicrc is some variation among different 
strains a.s rcg.ards tlicir fcrmentatis'c reactions Certain strains conform in 
their bioclicmical characters to the mositol-fcrmcnting subgroup of the 
coliform bacilli {vide Table, p 3G2) and ferment glucose, lactose, s.ac- 
charose, adonitol, and inositol, usually with gas production Some strain-*. 
hoiscAcr. fail to ferment Uctosc and some do not pro<lticegas from fennented 
carlKilivdratcs Formation of indole fn»m peptone is \an.iblc Tlie sime 
applies to the Vogcs-I’roskaucr and mcth>I-rccl reactions It might tx- 
said, Iiowcvcr, that the majontv of strains \nel(! a ncgalne intlole re- 
action. a positnc metliyl-rcd reaction, and negative \’ngo-Proskaiicr 
reaction Some strains utilise citrate anil ino-«l grow on Inle-silt niislia, eg 
MacConkej s It is ilifilcult to draw any sliar^i dislimtion tx-twc<*n f[iCN<* 
capsuUte Gram-ncgntivo bacilli from the rcNpiratnr\ tract and siniihr fonns 
occurring m the intestine, e g. It aerogenet 
21 
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By s(rolo"ical reaclinm with antisera, jt has been shouTi that strains of 
this organism from cases of pneumonia can be classified into three t}pe 5 (A. 
B, and C) and a fourth heterogeneous group. As in the pneumococcus, speci- 
ficity tlciK-nds on a carbohydrate substance associated witli the apsule, and 
it IS of s[>ccial interest that T>'i>e B is serologically related to pneumococcus 
Tvjxi II (Jiiliancllc) 

PaTiiocr.viciT^*. When injected into mice and guinea-pigs it causes a 
septicemia and can be seen in the heart Wo^kI to po3<iess a capsule. It is fess 
pathogenic to rabbits and dogs, but when injected into the trachea in these 
animals it originates a pneumonia. Tyi>e C is apparently of less virulence 
than Tj-pes A and B. As stafeci alxivc. it is the only organism present in a 
small nuin>K;r of ca.scs of human pneumonia, and it has also b^n isolated 
from conditions of ernpjema, /nenin^itis, suppuration of nasal sinuses, cod- 
juncttvitis, hranthitis. and rarely in scptica:mic conditions It is a cot 
mfrcipient inhalut.int of the mouth and nose of healthy indinduak 


THE DACIULUS OF nHtSOSCLEnOMA 

( A LL AitlALLJ JtlHS'OSCLCAOMJ TJS) 

Tins organinm is t«in«:ii}cfetl here as it is liiologically rt-Jated to the pneuootacihss 
Ktuntisclcroma to the group ot lofcclbc granulomata. It cbaractmsed bftte 

occurrence* of ihronic nmJuUr tliickcmnps m the slao or mucous oJcmbraDe of tbes^. 
or in the mucous membrane of the pharj'nx. larjTux, or upper part of the tracbca. jm? 
nodules arc of con^derablc sire, sometimes as larpe as a pea ; in the earUsr stages 
an* comparatncly sni'«otJi on the surface, bol Jattr the) become shrunken aca 
centre ii often retracteef The tlisc-ase is scanre fyeter met «*7th let tbi» eoDist;)'. 
been rcjxiried tm the Contirynt, C'pecjally in .tustna anj I’oJand fa the 
tjesue of the ncxlules there are to l>e found numerous round and rather 
have [teculiar characters and are often knoun as the ccIJ> of iliLuhcr 
contains a collcctum of somewhat gelatinous material which may nil the cell 
the nucleus to the side Uilhin tlw'M,* cells there is pfesc-nt a cbaractenstic tatt^ 
occurring; in little clumps or nia««c*^ chw tty in the pcialmou* material A few waw^ 
he free in the lymphatic spaces around Tina orsanism, knoirn as the baciiius ot 
Scleroma. « as first obscrv wl bv I ri'-cfi The bacilli ha\ e the form of short o\ 
which, when Ivinc vparatch. can be sc'cn to p«is'r5« a distinct capsui^e; m ^ 

sc'jpic characters tht'V corr(>^pond clo»ely with FnitlJander's pneumoMcUJas. 

Cram lugaticc. and as a rule the) are the only organisms dcmonstr^ie. -aisarr 
J rum the affected tissues this bacillus can be easily cultivated by c ^ 
methods In the ebaratitrs of its yro»» th on the lanoas culture ntedia i pr ^ 
close similantc to the pncuroobaciUus, as it docs al>o in its lermenUtu e jj. 

tion-gas proclucim; and does not ferment lactose, the indole and oges- , 
actions are negaticc , it has been stated that the bacillus of rhinosclcroma is 


bv bile-salt . mentwh^a 

The serum of patients suffenns; fniro the dtscasc gives fixation of ^ 
tested with an emulsion of the baciiius. but varying results have been o 
the V alidity of the test in ihc differentiation of tlic bacillus from aW consf^ 

The evidence that the organisms described afe the cause of tissued- ^ 

essentially la their constant presence and their special relation to subject, 

already described. Fxpenmental inoculation has thrown hUlc coninucti'* 
though one observer has desenbed the production of nodules in 
guinea-pigs identical 

Kecent inv estigators consider the bacillus of rhmoscleroma to . ^ seconder) 

pneumobat-illus. and its presence in the affected tissues to represen 


invasion 


BACILLUS OZJEJiJE {KLCBSICLLA OZ-TT*'-^ obariUo* 

A bacillus possessing closely similar characters to those of feroe^' 

been found to be very fre<iuentJy presentiDorJOa J* ottatnsm- 

tion tests Its relattonsfup to ozama is probaWj* that 0 / a to on P 3^ 

bacillus of Perez which has also been described la 

From vvhat has been stated r^aidmg the rhinoscJeroma oac , nasal ca'"' - 
will be seen that a number of closely allied organisms have been tou 
in healthy 01 diseased conditions 



CHAPTER XIV 

v’ 

THE ENTERIC GROUP (THE TYPHOID ’BACILLUS AND THE 
PARATYPHOID BACILLI) AND THE SALMONELLA GROUP 
OF FOOD-POISONING ORGANISMS 

RirFERrscE has been made in the introduction to Chapter NIII to the dis* 


but distinguishable from, the Ij^phoid bacillus. It soon became recognised 


Infections due to them have sometimes been termed ‘ paratj-phoid fever 
but clinically they may be indistinguishable from true t 3 'phoid though they 
frequently take the form of a milder and less prolonged illness The patlio- 
logical changes, though often less pronounced than m typhoid, arc also 
similar and it has become customary to include true typhoid and the para- 
typhoid infections under the single clinical and epidemiological designation 
‘ enteric fever ’ In this section the characters of the tj-plioid bacillus will 
first be described, and then the paratyphoid organisms, with particular refer- 
ence to their differences from the former and from one anotlicr The relation- 
ship of the tvplioul-paratyphoid bacilli to enteric fever will be discussed along 
With certain epidemiological features of the disease and the subject of 
immunity to it 

BACILLUS TYPHOSUS 

{EBERTllELLA TYVIlOSA OR S/lt.UO,YEL/.,l TYPIII) 

Micuostopic Chihacters .\s obscr\'c<l in pure culture and m the 
tissues, the individual organisms arc straight, cylindrical or rod-shajicd 
structures, with rouiuletl ends, measuring on an atcrage 2 to 1 long and 
f) !j in thickness Frequently m culture filamentous fonns arc noted, even 
lo ;i or more in length In culture the bacilli occur singly and m juir» end 
to end (Fig 74) In tissues, eg in a Peycr’s patch, spleen. li\ cr. or mesenteric 
gland, they arc found in relatively large clumjis (vide Fig 70) I'or their 
demonstration m tissue sections, carbol-thionin may be usi-d, or prolonged 
staining with I-<0filcr’s mclhvlcne blue (half an hour), the sections Inring de- 
hsdr.itcd ami cleared with aniline-wlol The typhoid b.icilliis is Gram- 
ncgativc and non-sjwnng 

In lianging-<lrop preparations the bacilli are found to lx* activch motile 
The 'ni.ilU t fonns have a darting or rolling motion, pas'-mg qmckh acroNS tlu 
liflil. wliilo voiiH- show rapid rolalort* motion The lilamonloiis fonn-. fiavc an 
undulating or scqicnlitic motion, and move more sli>\\l\ Hanging-drop 
prep irations should lie made from agar or bnith riiUurcs pndirably williin 
SIS in t\\( he lioiirs after incubating at 37 ( and not more than twcm\ -ftjur 
hours old In older cultures tlu niosemenis an* Uss aciue 

On iKing st.jinid b\ appropriate incthixU the bacilli an- seen to po.s,-v., 
multiple long jvniru lions ll.igell t (Fig 7fi) \rcor<hng to Pijjx r the l^ jifnnd 
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bacillus as observed by solar dark-ground illumination exhibits only t\so 
flagella, onb on each side, which project from the middle of the organism ; he 
describes them as spiral structures which are intertwined so as to form a long 
tail-hke filament by which the bacillus is propelled through a fluid medium 
It seems likely th^at the flagella so described are composite structures, their 
constituents being' obserT.’ed as peritrichous threads in preparations stained 



Fitt. 71. Typhoid bacilli, from a young 
culeure on agar, showing some fiJa- 
mencous forms. 

Stained with dilute carboiduchsm. X 1,000. 



Fio 75 A large clump of typhoid 
bacilli ]□ a spleen. The lodivi- 
dual bacilli are only seen at the 
periphery of the mass 
Paraffin section * stained with 
carbol - thionin X 500, 



nt. 7C Typhdd 

culture on agar. sbo'Vn? ^ ^ 

Stained by KuUpatriclw s methou 


for flagella by the usual methods, and that in the movement o g^^ucture 
the multiple flagella become twisted together to form the tai - 
described by Pi)per. ' 

In a more recent pubhcAtion Pijper suggests that bacten^ 
organs, but processes denved by movement from a sbme-layer ^ “ 

that the motive force consists of wave-Iike contractions of the cyt p 

Cultural Characters. To grow the organism yje in the 

post mortem it is best to isolate it from the spleen, or j^j^theother 

gall-bladder, as it exists in these situations in greater after 

organs, and may be the sole oi^nism present even some i 
The obtaining of pure cultures from ca^ during nfe w 
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detail later. The organism is an aerobe and facultative anaerobe ; its opti- 
mum temperature is about 37° C and the temperature range for growth 15° 
to 41° C. It can be culth’ated on all the ordinary media. 

Generally speaking, growths of B typhosus appear less dense and abundant 
than those of the B colt In stroke cultures on agar there is a gre>nsh-white 
film of growth, with fairly r^ular matins, but without any charactenstic 
features (Fig. 77) This film is moist, loosely attached to the surface, and 
can be easily scraped off and emulsified Colonies after twenty-four hours’ 
incubation are semi-transparent, circular disks^ about 2 mm in diameter and 
normally exhibit a smooth surface and well-defined border, but if growth is 
allowed to continue for a few days they enlarge and may develop an irregular 
margin, a raised centre, and often radial ridges , this type 



Tjo 7* SlroKc 
culture of H 
<m 

four flours' 
Natiinl 


of colony has been likened to a vine leaf 
A certain amount of variation, as regards 
details of structure, ma5'’ be observed 
among different strains Stab cultures in 
gelatin yield the following appearance ; on 
the surface of the medium growth spreads 
outwards from the puncture as a thin leaf- 
like film, with irregularly wavy margin ; it 
is semi-transparent and of bluish-whitc 
colour , ultimately this surface grow’th may 
reach the wall of the tube; not infrequently, 
liowever, the surface growth is less marked , 
along the stab there is an opaque whitish 
hue of growth, of finclynodosc appearance, 
there is no liquefaction of the medium 
(Fig 78). On gelatin, surface colonics arc 
more transparent than those on agar but 
present similar features In broth the 
typhoid bacillus normally produces a uni- 
form milkincs-s or turbidity. On potalo, for 
sescral dajs (at incubator temperature) 
there is apparently no growth, but if looked 
at obliquely the surface appears wet, and 



Fto 7P Stab 
culture of B 
ivpkotui In 
ReUlfrt, five 
•lavs' growth 


when it is scraped with the wire loop, a glistening track 


is left a film preparation shows numerous bacilli Later, however, a 


slight iwllicle with a dull, somewhat velvety surface may appear These 
api'caranccs arc only seen when fresh potato his liecn used On 
MacConkey's biU-sall neutral-red lactose agar and desoxycholate-citrate agar 
(aUo containing lactose and neutral-red) the colonics rcscmhlc those on 
ordinary agar They remain colouricssor 'pale* as compared with those 
of It colt, owing to tlie absence of lactose femicntation 

Colony variants The typhoid baallns, like ntlier mcmlxrs of the coU- 
tvphoid group, when cnltivatcil artifici.ill\ tentU to undergo the variation 
insulving the tmnsformation of colonics from the normal ■'moolh (S) tjjx; 
to the rough (R) form (Fig 79) Growths from the K colonies are spon- 


taneouslv agglutinable in normal *cilmc (though forming permanent susjK-n- 
Mons in weaker saline) and form in broth a granular sediment with clear 


thud and sometmus a surface .scum, in these rcsjx<;ts differing from the 


ir. growths, which gi\e a uniform turbidity Tlie two t\T>cs differ also 
in their antigenic stnictme and their agglutination reactions These 
pnij>crties tend to lx- ni.iintaine*! in sul'ciiltures, but tlie S tyjx: may \a''hl 
K v.anaiit etdomes on continuous ailtivation A \Mn.int Ins .aho 1>oen 
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described whose colonies are unusually small, not exceeding 0*3 mm after 
forty-eight hours ; in otlier respects, however, this variant has the characters 
of standard strains of B. typhosus. 

Biochemical Characters. The typhoid bacillus can be differentiated 
from B coll and the other membere of tlie coli-typhoid group by biochemical 
reactions {vuic Table, p. 302). It produces acid without gas in glucose, laevii- 
lose, galactose, (Ic.vtrin, maltose, and mannitol, but originates no change in 
lactose, saccharose, or rhamnose. In xylose the reaction is variable. In 
arabinose and dulcitol late acid formation lias been observed. On media 
containing these carbohydraies colonics may develop papilla; which diSer 
from the parent strain in fermenting the particular substances ; these are 
analogous to the lactosc-fcrmcnting papilla; of B colt mutahilis {q.v.) There 
is no curdling of milk, although at first slight acid production occurs, in a 
variable time the acid change may be succeeded by a neutral reaction 
The typhoid bacillus docs not apparently produce indole in peptone solution ; 
hut it has been pointed out bj’ Burrows that indole is actually formed though 



Fio 70. A, smooth, and B. rough type of colony of 5. 

not in sufficient amount to give a reaction with Ehrlich's rosindole 
B. typhosus usually forms hydrogen sulphide in culture medium e 
salts oi organic acids are utilised by this organism. . Korteria 

Viability The typhoid bacillus is similar to most 
in Its powers of resistance to environmental influences. It is ^ ^ 
exposure for ten minutes at 50'* C. and almost . ~cord- 

It has generally been found to be sensitive to natural dessication. ^ 
mg to Dold and Kettcrer when drops of fluid stools average 

allowed to dry on filter paper, B. typhosus may remain viable . . jj, 

period of eighty days and B paratyphosiis. B for 174 dap ^.cnotP^sist 
water it has been stated that viability of the typhoid bacillus o 
for more than three weeks, but it must be recognised that aura ion 
in water depends on vanous factors, eg. temperature, -ojjuted 

matter, other bacteria, etc. Beard has pointed out that in g weeks, 
sea and fresh water viable t)rphoid bacilli may be detected a e 
Cultures remain viable for several months. . .u somabc 

Serological Characters Bacillus typhosus m leads fo 

(0) and flagellar (H) antigens, and immunisation with antigens 

the formation of agglutinins which react specifically wit to cer- 

The 0 antigenic constituents of the typhoid bacillus are common 

tain other members of the Salmonella group. The H antigen 
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to -Certain Salmonella types, but these possess different O components 
The identity of the tj^^hoid bacillus can therefore be conclusively estab- 
lished by means of agglutination and agglutinin-absorption reactions. It 
may be said that if the serum of an animal Immunised \Mth a known strain 
of B typhosus agglutinates an organism with the cultural and biochemical 
characters of this species, to the same titre as the known strain, the organism 
in question is almost certainly the typhoid bacillus. Further reference will 
be made later to the serological differentiation of the typhoid bacillus from 
allied types 

Freshly isolated strains of B typhosus which are more vinilent to mice 
than stock cultures, possess an additional somatic antigen which has been 
designated ' Vi ’ m virtue of its association with virulence (Feliv) Tlie pres- 
ence of this antigen seems to render the organism relatively inagglntinable 
by an 0 antiserum, but such inagglutinabiiit 3 ‘ disappears on subculture in 
parallel with the loss of the Vi antigen Tins antigen is destroj-ed by ten 
mtmitcs' exposure at lOO"* C. , it is also partially destroyed bj* phenol 
Strains produce it best when growing in a soft ascitic-lluid agar .\ pure Vi 
antiserum can be obtained by immunisation with a U\ing culture known to 
contain the Vi antigen and by then absorbing from the serum H and 0 
agglutinins with strains containing only the corresponding antigens , «uch a 


and that the therapeutic action of a typhoid antiserum is likewise depen*lcnt 
on the presence of the Vi antibody {vtde tnjra) 

It IS of interest that some strains of paracolon bacilli liave been found to 
tonlain the typhoid Vi antigen (Mamuon) 

BACILLUS PARATYPHOSUS A (SAUW>:ELLA PAliATYVIIl) and 
BACILLUS PARATYPHOSUS B {SALMO^IELIA SCflOTTMVU.ElU) 

These arc the mam tj^pes of paratyphoid organisms, the latter being the 
commoner in Europe, the former Ixung more prevalent in the East. In recent 
times in this countiy B paralyphosus tJ has been a more fretiuent cause of 
enteric fever than the tj-phoid bacillus These paratyphoid bacilli resemble 
B typhosus closel)’ in tlieir biological characters, but differ from it and from 
one another m biochemical reactions and antigenic structure For descrip- 
ti\ e purjKtscs only the points of difference need be df'alt with Thev produce 
aetd nrui gas m glucose, kcvulosc, galactose, mannitol, maltose, dukitol, 
sorbitol, and arabmosc , thc> do not ferment lactose, saccharose, raRinosc, 
sahcin. or miilin Of tlie>c reactions, that with lactose differentiates 
them from the common tj^KS of U colt, and the pro(.liiction of gas 
disiinguislics them from B typhosus and li dvsfntentr Thc\ do not 
produce indole, though indole-forming variants have l>ecn dcstnlietl by 
certain obscrsors. 

Ihf fermcntaliNC projwrtics «1 It paral\phosus A and B are in general 
similar but ,1 IS the less aclise — gas (ormatiun licing often scant% and late in 
.ipjKMrame This is jiarticularlj noticeable in regard to dukitol In litmus 
milk .1 pnxhices little or no change, while in the case of B there is rapid 
alkali priKhu tioii The B t\i«e ferments wlosr and usiinllj ferments inositol 
and priKhn es sulpliurettcd h\ driven (as ol*ser%e<l m Ic.iif acetate agar> while 
A laiks these projx'rtics (iiic Talile, p -CiS) strains of B which have Ixt-n 
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isolated from cases of gastro-enteritis are stated to be able to utilise i/dartrate 
{vide p. 345), U’hereas enteric strains Jack this property. Some strains of the 
B type utilise sodium citrate ; A does not. 

Colonies of B, paratyphosus B frequently develop a striking character 
under certain conditions and in this respect differ from colonies of B. para- 
typhosus A, and B. typhosus. This consists in the formation of an opaque 
raised margin developing when plates that have been incubated at 37“ C. ar? 
subsequently allou-ed to stand at room temperature for twenty-four to forty- 
eight hours. This character, ‘ schleimWallbildung ' (Muller), may assist in the 
recognition of the colonies and the isolation of the organism from mivcd 
groNvdhs (Fig. 80). As has been described in the case of the typhoid bacillus 
the S-*-R transiorinntioa of colonics is observed in cultures 

These paratyphoid bacilli differ in their antigenic structure from one 
another and also from B. typhosus, and in the ultimate differentiation of the 
two types their reactions with specific agglutinating sera are of essential 
importance. They’ shou’, however, certain serological relationships with 
other members of the Sah>ione!h group, 


• c.g. the organisms concerned in ‘food- 

poisoning.’ and this question is considered 
later. 

Bacillus paratyphosns C and other 
iiSb Qtgiumms of Eoferio Fever. Cases pi 

VV enteric fever have also been reported m 

various parts of the world as being due 
to a type of paratyphoid bacillus \vhich 
is biologically' different from the olher^ 
and this organism has been designated 
B. paralyphosns C. It is closely related 
to B. sutpesUfer (though different in cer- 
tain respects) and will be dealt 
along with that organism. Certain further 
types referable to the So/ffWiAfu 
though differing in antigenic s picture 
from the classical paratyphoid bacilli hau 
occasionally been recorded in cases of enteric 




Fic 6f). Colonies o/ ff ('a'a/iphoms 
B after twent>.four hours’ growth 
at 37* C and fortt -eight hours 
further at room temperature — 
shcnvjng the characteristic raised 
margin xl) 


(Kunzendorf type), Bareilly, and Eastbourne types. r n 

type, designated the 'Sendai ' fy’pe, has been observed jn ^ 

similar to the other paratyphoid bacilli in general characters, 
in Its antigenic structure. These organisms will be referred o a o 
the food-poisoning organisms. 


KELATIONS OF TYPHOID-PARATyPHOn) BACOII TO 

ENTEKIC FEVEK ^ ^ 

Pathogenic Effects prodnoed in Animals. Most J''® 
work on this subject has been done with B. typhosus ^ of tbe 

of animals which is identical with typhoid, nor is there condi- 

occurrcnCe of the typhoid bacillus under ordinary’ pat ^ ^i ,p;,osiis 
tions m the bodies of animals, and the same is true for ij p fee,3ing them 
and B. Attempts to communicate the disease to animals jg effects 

on typhoid dejecta have been unsuccessful, and though in 

hai’e been produced by introdudng pure cultures oi B. ^P. The 

the disease has usually borne no resemblance to i satisfactory 

results of subcutaneous or intraperitoneal injection are no 
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The type of disease is very different from what occurs naturally in man, 
and is often merely an acute toxaemia due to the endotoxin present 
in the organisms In such injection experiments the results vary con- 
siderably — no doubt due to the fact that different strains of the bacillus 
vary much in virulence, ordinary laboratory cultures being often almost 
non-pathogenic. Reference has been made above to the virulence for 
mice of recently isolated strains containing the Vi antigen. Certain workers 
using highly virulent strains haw been able by mtraperitoncal injection to 
produce in animals effects oh the Peyer's patches, mesenteric glands, and 
spleen similar to those in the disease in the human subject. It has also been 
found by experiments in rabbits m which recently isolated cultures of B. 
paratyp' ‘ ' ' ' •••*<• .. i . i . that a patho- 
logical ould be repro- 
duced, , i , the intestine, 

the mesenteric glands, and the spleen Experiments with B. paratyphosus B 
have indicated that this organism is of higher virulence to mice than B. 
iyphosus , when introduced by feeding it may produce a non-fatal infection 
Metchnikoff and Besredka produced in monkeys a miJd condition similar 
to human typhoid fever by feeding the animals with fieces containing typhoid 


marrow after intravenous injection and persist there after tliey ha\c dis- 
ajipeared from other parts of the body 

The Toxic Products of the Typhoid and Paratyphoid Bacilli. There exist 
m the bodies of these organisms toxic substances which m artificial cultures 
do not pass out to any great degree into.the surrounding medium , unlike the 
cxotoxins they have no specific effects The bactcnal bodies killed by 
chloroform \apour arc very toxic— more so than filtered cultures — and there 
IS evidence of tltc release of poisons from the organisms when these undergo 
lysis in the animal body Macfadycn. by grinding up typhoid bacilli froren 
solid by liquid air, produced a fluid whose toxic effect he attributed to the 
presence of tlic intracellular poisons 

Light has been thrown on the chemical nature of tlie toxic products of 
the group of organisms to winch the typhoul-jKiratyphoul bacilli belong, by 
studies of chemical fractions isol.atcd from B aertrycke and B ententidis 
(ndf tufra) Such work has mdicatcti that the toxic principle of these organ- 
isms IS a complex jiolysaccliaride combined with pliospliatnlc, this substance 
being also antigenic . in fact it constitutes the somatic antigen of the organ- 
ism (Iloivin ft al , Raistnck ami Toplex) In rabbits the toxic antigen pro- 
duces .1 markeil hjpcrgljcarmia. succeeded often by hyjwglycamia It is of 
interest that the polysaccharide c.nn l>e scparatcil from the pliosphatule with 
which it IS combined, and both fractions indixulually are jiractically non- 
toxic Thc'c- tiiulings arc of sjx'cial significance* in dcliniiig endotoxins of 
known chemical constiliilion, but of course other still iimlefined toxic sul>- 
siances may Ik* present in the bacterial cells 

The Coune ol the Infection and Pathology of Enteric Fever. Infection 
t.ikes pkicc b\ mecstion of the orK.inismsand their jMssage into the small intes- 
tine where the\ invade the tissues and Kinphatics and so reach the gencr.il 
« in Illation. pro<hiciiig the b.'ictcn.imia which isaclnractcrntic feature of the 
c.irh stage of the di-c-asc*, if during the first sc'xcn to ten d.»\s .\t this 

j>cnod. csjx*M.alh in the first li.nlf of it. the org.inisms can l>o readiK I'ol ited 
b\ blwHl culture this is also the c.!*** in rrlajKcs rroiu the bl(*c>d t!ic\ 
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localise in the liver, spleen, kidneys, hone marrow, and other tissues As 
immunity reactions develop the bacteri<emia declines. From the liver capil- 
laries and bile canaliculi the badlH reach the gall-bladder and multiply in the 
bile, and at this stage large numbers are discharged into the intestine and 
appear m the fieces. This is most pronounced in the third week of the illness. 
As will be shown later, the organism may persist in the gall-bladder and some- 
times in other tissues after apparent recovery. Late in the disease the organ- 
isms tend to appear in the urine. 

The inflammation and ulceration in the Peycr’s patches and solitary foUich 
of the small intestine are important pathological features. In the early stage 
there is an acute inflammator)’- condition, and infiltration with mononuclear 
cells, sometimes attended with small haimorrhages. At this period the bacilli 
are most numerous in the patches, groups being easil)' found between the 
cells The subsequent necrosis may be due to the action of toxic bactenal 
products , the bacilli, however, gradually disappear, though they may still be 
found in the deeper tissues and at the spreading margin of the necrosed area 
They also occur in the 15'mphatic spaces of the muscular coat. The number 0! 
the ulcers arising in the course of a case bears no relation to its severity. 
Small ulcers maj' occur in the lymphoid follicles of the large intestine In 
B paralyplmiis IS infections an acute gastro-enteritis may precede the tjpical 
enteric condition 

The mesenteric glands corresponding to the affected part of the intestine 
are usually enlarged, sometimes to a very great e.xtent, the whole mesentery 
being filled with glandular masses. In such glands there may be acute 
inflammation, and occasionally patchy necrosis occurs. An outstanding 
feature of the lesions is the extensive proliferation of the endothelial cel s 
along the lymph sinuses and paths, attended by aggregations of mononuclear 
leucocytes. In other words, the reaction is of the macrophage tj’pe, 
polymorphonuclear leucocytes are present as a rule. Sometimes on . 
the glands are of a pale-ye!Io\visU colour, the contents being . j 

consisting largely of leucocytes. Typhoid-paratyphoid bacilli may be iso 
both from the glands and the lymphatics connected ivith them, but b 
in addition often present , 

The spleen is enlarged, usually of a fairly firm consistence, of a reaois p 
colour, and in a state of congestioi/ Of all the solid organs i t usoally con 
the bacilli in greatest numbers. They can be seen in sections, oaii 
clumps between the cells, there being no evidence of local 
them (Fig. 75) Similar clumps may occur in the liver in any 
without any local reaction In this organ, however, there are oiten 
of leucocytic infiltration, in which bacilli may not be demonstia • 
bacillus IS found, often in large number, m the rnay 

recovered cases, it may persist for years {vide infra). Clumps 0 Lg^^ved 
also occur in the kidney, and localisation of the organism may 
in the bone marrow ' anions »» 

In addition to these local changes there are also widespread celM^r eg 
various organs, ivhich suggest the action ol totic products acute t’roDcbO' 

In the luv^s there may be bronchitis, patches of congestion a q{ 3 

pneumonia In these, the bacilli may sometimes be observea. fact tbaltb* 

action depressing the powers of resistance of the lung tissue is foun 
pneumococcus frequently occurs itt such complications of enteric either 

The nervous sys/em shows little change, though meningitis 
typhoid-paratyphoid bacilli, with B colt, or with streptococci 

Thebacilliliavebeen found in ther<w«ohirj^<»fswhii.hoi.curiae ... 

not be yet stated that this eruption is always due to the j tissues sho'^s tna 

Ibe fact that the ixacilh are usuallycoodned to certain organs 
they probably have a selective action 
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The reaction of the body to the typhoid-paratj'phoid bacilli is markedly 
one of the IjTnphoid tissues This is further indtc*ited by the blood changes, 
for, while there is a leucopenia, the Ijinphocytes are relatively increased in 
numbers A general reaction is manifested by the appearance of specific 
antibodies in the serum 

Suppurative lesions occurring i« connection ntlh Enteric Fever In a 
certain proportion of such lesions the typhoid or paratyphoid bacillus has been 
the only organism found This has been the case in subcutaneous abscesses, 
in suppurative periostitis, suppuration in the parotid, abscesses in the 
kidneys, empj-ema, meningitis, etc , and also m a few cases of ulcerative 
endocarditis Such suppuration maj' be of a very chronic and recurrent 
nature In the majority of cases other organisms, especially B colt and pvo- 
genu micrococci, have been isolated, typhoid-paratyphoid bacilli being 
apparently absent It has, moreover, been shown evpenmentally that sup- 
puration can be produced by injection m animals, especially rabbits, of pure 
cultures of the typhoid bacillus, the occurrence of suppuration being favoured 
by conditions of depressed \ itahly, etc Tt was also found that w hen typhoid 
bacilli ^^ere injected along with pyogenic staphylococci, the former died out 
in the pus more quickly than the latter Accordingly, in clinical cases where 
the typhoid bacillus is present alone, it is improbable that other organisms 
have been present at an earlier date 

‘ =■- ••• been stated, foci of 

■nc fever, and infec- 
Inthe gall-bladder 

they may set up a catarrhaVproccss {cholecystitis typhosa), though frequently 
they produce comparatively little change in the mucosa There is evidence 
that the bacilli may persist in the gall-bladder for many years, and the 
caldirlial inflammation which they keep up leads to the formation of gall- 
stones B coh may be superadded Ty 7 >hoid and paratyphoid bacilli have 
been isolated from the gall-bladder bile, etc . of cases of gall-stones operated 
on years after an attack of enteric fever, and the bacilli have even been 
found within the calculi They have also been demonstrated m chronic 
siijipuration occurring in the gall-bladder 

Typhoid-Paratyphoid Carriers. In the great majonty of cases of enteric 
fe\er, the bacilli disapjwar from the fiTcces within from two to ten weeks of 
convalescence, but in a certain pro|>ortion of cases, probably about 2 to 5 per 
cent , c\ idcnce is found of the persistence of the bacilli for many months, and 
m certain cases their existence has been demonstrated many years after the 
attack of illness Carriers have been arbitrarily classified as ' temporary ' 
(I e those excreting bacilli up to a year after an attack of feser) and as 
‘ chronic ’ ‘ ' ’ ’ • ....... i., tm- 

important ■ spontaneously 

after the c . , e saul that the 

majority of earners to whom outbreaks ha\e liccn traced arc women 
l’er''Ons in whom the carrier state is proent are a constant danger to 
tho'-c around them, as the infectmty of the bacilli fre(|ucntK remains, 
and the inii>ortance of such earners has been rccogni'Hxl as explaining 
man\ outbreaks of the di«caH* Tlic cases traceable to snth an origin 
are of the type usually clasM-d as sjxiradic They an«e among jx-rsons 
assotnted with carrier'^, e^jKeially when the latter arc concerned in the 


great many of these eamen* is jiroKiblv the gall-blaihier As has l>ctn statctl. 
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' ’ ’ ' 'sist there for many years, often 

langer lies in the fact that carrien 
■ ■ ' only suffer from slight manifesta* 

— it is well known that in only a 
proportion of patients suffering from gall-stones do severe s5mtptoms arise. 
An additional factor in the carrier problem lies in the fact stated above, tl\at 
apparently when certain persons ingest the tj’phoid or paratj’phoid bacilli, 
the latter may establish themselves in the body ivithout giving rise to entenc 
fever. Such persons have been referred to as ' parado.vical ' carriers ; they 
represent those who either are naturally insusceptible to active infection or 
have dev’eloped immunity in consequence of a previous attack. The most 
serious danger to a community arises, however, from the ' chronic ' carrier. 
In certain carriers the focus of multiplication of the bacilH may be the 
kidney, and in such cases they are passed out in the urine. Urinary carriers 
are much less common than biliary carriers \ unlike the latter, they occur 
equally in the two sexes. 

The tracing of a carrier constitutes an important and difficult problem 
Firstly, the serum of all suspicious persons ought to be submitted to the 
Widal agglutination test (w'dc infra). Usually the carrier gives a positive 
reaction, but sometimes agglutination is only obtained with a low dilution 
of the serum It has also been shown in chronic carriers that the aggluti^ 
ating capacity of the serum varies from time to time and sometimes maj 
absent Further reference to agglutination reactions in typhoid-p^atyphoi 
carriers will be made later. The proof of a person being a earner lies 
ally in the isolation of the specific organism from the ixets or the u . 
and It IS to be noted that, especially in the former, the organism is 
stantly present — in certain cases months of remission have been rcco 
Several explanations have been advanced to account for the facts ® ® ' 

such as the occurrence of symptomless reinfections or of periodic 
acute auto-infections from a latent focus of persistence of the organ , 
in the gall-bladder. In any case, the necessity for 
a suspected carrier is obvious. The methods to be adopted a . 
later Much work has been directed to the question of freeing 
carrier from the organism , various methods, such as intestina 
including treatment with sulphaguartidine, vaccinarion, PYcentasa 

bladder, have been tried. Hitherto success has not been ‘ (iie 

result of operative procedures (excision of the gall-bladder an S 

ducts), which appear to have cured a considerable propor i 
carriers In certain urinary’ carriers examination of t e {^y an 

ureter has shown that the infection is unilateral, From 

abnormal condition such as a calculus in the ureter or in ^ 

the public health standpoint, the prevention of the taken 

population must be provided for ; and in fever hospita s 
for retaining convalescents until the bodily discharges 
specific bacillus. , . .«„r.;Hes the preva' 

The Epidemiology of Enteric Fever. In civilised com , ^ the 
lence of enteric fever has been very markedly reduce , c 
substitution of central filtered water supplies for "J . sanitati<m 
nv’cr water, and with the improvements effected ^*1 ® localit'^* 

and especially in the removal of excreta and refuse still occur 

however, periodic outbreaks, often of a seasonal c ar bacilli* 

At one time these were attributed to the capacity oi , t.„.. no 

to live and multiply outside the human body 


idence that the typhoid-paratjTJhoid bacllh can ma 


however, n'l 
snprophj'^’^ 



THE ENTERIC AND SALMONELLA GROUPS 333 

existence though they may remain viable in sewage, \vater, etc., for a 
variable time. Thus B. typhosus and B. paraiyphosus B have been demon- 
strated by methods of selective cultivation in the sewage of large com- 
munities. In water these organisms sui^dve for at least several daj’s, 
and even for three or four weeks, the time depending probably on a 
variety of conditions. Thus tj’phoid-paratj'phoid bacilli tend to persist 
longer in a relatively pure water than in one grossly polluted and contain- 
ing large numbers of putrefactive organisms. The e.xistence of carriers in 
all communities where cntenc fe\'er occurs has thrown light, however, on the 
subject and has accounted for the ongm of outbreaks In many cases 
survival outside the body for some time is an essential factor where a water 
or food supply becomes infected with matenal denved from a earner, but 
direct and mediate contact infection also plays a part in the incidence of 
the disease. At the present time small outbreaks frequently onginate in 
those who are brought into domestic contact with earners, and larger epi- 


qucntly epidemics due to the paratyphoid B bacillus are seldom traced to 
contaminated water, but are caused by food*stuffs, such as artificial ' cream ’, 
in which the bacilli tend to flourish. During epidemics secondary cases may 
also arise from contact with pnmar>’ cases. 

It is now well known that the house-fly and certain other filth-fecding 
insects may act as vectors of tj'phoid and paratyphoid bacilli, and contami- 
nate food to which they gam access after haWng been m contact with human 
excreta ^uch convection is most marked under conditions of imperfect 
sanitation, m which human cxcrctal matter is freely exposed to flies, par- 
ticularly m tropical and subtropical countnes and also in the warm season of 
temperate climates when flies are most numerous. This affords some explana- 
tion of tiie seasonal incidence of cntenc fever, its prevalence m ill-sanitated 
areas and its occurrence under w-ar conditions, particularly in campaigns 
w aged in hot climates. The fly may carry excrctal bactena on the surface of 
Its body, wings, and legs, but typhoid-paratyphoid bacilli may also persist in 
the alimentary tract of the insect after ingestion of infccti\-e excreta (Graliam 
Smith and others). Food is thus contaminated by the insect as a result of 
its regurgitation and defecation In a senes of experiments, in which captnc 
flics were artificially infected with typhoid and paratyphoid bacilli and after 
varying mtcrv.ils allowed to walk about on a plate of MacGsnkcy’s medium 
which was then incubated, wc ha\c found that they remained infective for as 
long as SIX dajs Colorfies of the bacilli dcxcloped on the plate in circuhir 
groups suggestive of their originating from defecated or regurgitatnl 
matenal 

Occasional outbreaks of enteric fe\cr and sporadic cases li.a\c l>ocn traced 
to oysters and other sliellftsh, uncooked vegetables such as watcr-crcss. 
lettuce, etc , contaminated from sewage or human excreta. It has been 
shown that the typhoid bacillus may persist m living oysters for a consider- 
able tune 

.\j)parentl> , sometimes anim.als, eg cows and dogs, having ingested 
typhoid-paratyphoid bacilli from hum.in sources, may excrete them for a 
time and so act as transmitters of thc<c |»athogcns to man 

The dnnmution in tlic incidence of cntenc fever m certain countnes in 
rccTiit times, both in war and has been of a rcm.irk.iblc n.iinre It 

must lx* Iximc in mind th.xt. in addition to immunisation (ndr in/rj), tbe 
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identification and isolation of carriers and also improvement in general sani- 
tary conditions have been carried out on an extensive scale, and these 
measures must Iiave contributed to the change in frequency of the disease 
How far each of these factors has been individually responsible for thedirainu- 
tion It IS not possible to say. It is also noteworthy that in Great Britain there 
has apparently been a change in the relative prevalence of R typhosus and B. 
paratyphosus B infections : at one time B. typhosus predominated, but in 
recent years 11 paralyphosus B has often been responsible for the major 
proportion of cases of enteric fever. 

The tsolalton of typhoid and paratyphoid bacilli from water supplies and sewage is 
dealt with in Chapter XXXVll, 


IMMUNITY TO TYPHOIP-PABATYPHOID BACILLI, AND 
SEROLOGICAL REACTIONS 


Early obscr\‘ers were successful in immunising animals to the typhoid 
bacillus by repeated injections of small and gradually increasing doses of 
living cultures of the organism. Later, Bneger, Kitasato and Wassermann 
found that the bacillus, when modified by being grown in a broth made from 
an e,-<tract of the thymus^Iand, no longer killed mice and guinea-pigs Tliese 
animals after injection were moreover immune, and it was also found that 
the serum of a guinea-pig thus immunised could, if transferred to another 
gumea-pig. protect the latter from the subsequent injection of a dose of the 
typhoid bacillus to which it would naturally succumb. Chantemesse and 
\Vidal, Sanarelli, and also Pfeiffer, immunised guinea-pigs against thesuhae- 
quent intraperitoncal injection of virulent cultures of the tjjhoid bacillus, 
by repeated and gradually increasing intraperitoneal or subcutaneous doses 
of dead organisms. E.xperiments performed uith serum derived from enteric 
convalescents indicated that it had antibacterial powers, but there was no 
evidence that it contained any antitoxic bodies (vide chapter on Immunn)’;. 
Pfeiffer, for example, found on adding scrum from typhoid 
typhoid bacilli killed by heat, and injectii 
that death took place as in control animals 

alone Pfeiffer also found that by using th- - . v. w 

could, to a certain e.\tent, protect other anima/s against the subseq 
injection of virulent living bacilli. On trjung to use the agent , 

way, t e injecting it only after the bacilli had begun to produce tneu e . 
he obtained little or no result. The serum of animals winch have 
munised against typhoid and paratyphoid bacilli exhibits 
antibody reactions tn vilro : bactencidal action, opsonfsation, agg u J 
precipitation (with bacterial extracts), and complement-fi.vation , a ^ 
agglutination reaction with specific antisera has been used extensiv > 
means of identifying these orpTinisms. of 

Vaccination against Enter, ■ ly. 


ammafs against the t 5 ’phoj'd ^ 

laxis of enteric fever by W'nght and Semple. A 

typhosus was used During the war of 1914-18, when par.ityp *. ohoid- 
assumed a high prei'alence in the Mediterranean ^ cultures 

paratyphoid vaccine was introduced, which incorporated ki 
the three enteric organisms Tb/s so-called T A.B vaccine parts 

been universally employed m the prevention of enteric fever in , , (jig 
of the world Sometimes B paratyphostis C has also been ^ g^jected 
vaccine. The vaccine has usually been prepared from spec 
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virulent S cultures of the organisms and in the case of B paratyphosus B, 
cultures in the specific phase {vide p- 346). The cultures are emulsified and 
diluted with normal sahne, killed by exposure to 60° C for thirty minutes, 
and preserved with 0-5 per cent phenol. The vaccine is standardised and 
the dosage regulated in terms of the number of million organisms per c c 
Two doses at an interval of ten days have generally been administered by 
subcutaneous injection 


B. typhosus . 

B paralypliosus A 
B paratyphosus B 


1st dose 
500 millions 
250 or 375 „ 

250 or 375 „ 


2iid dose 
1000 millions 
500 or 750 
500 or 750 „ 


The effects of the injection are a variable degree of s\\ elling and tenderness 
locally and in the regional lymph glands, developing in a few hours, and also 
a variable amount of general malaise with elevation of temperature , but the 


there was also an increase m the capacity of the serum to kill the typhoid 
bacillus in vitro. The second injection usually produces less markedsj'mptoms 
and IS followed by a further increase in the serum agglutinins These 
observations indicate that the vaccinated person possesses a degree of 
immunity to the bacilli, a conclusion borne out by practical results obtained 
m the use of the vaccine as a prophylactic agent 

Dunng the war of lOU-18 the efficacy of s*accine prophylaMs was put to 
the test on the most extensive scale The incidence of cntenc fever, an infec- 
tion which had always been specially prc\*alent under war conditions, was 
minimal even in the campaigns waged in tropical and subtropical countries 
In the early stages of tlie Mediterranean camjiaign, however, enteric fe\cr 
was prevalent, but the great majonly of the cases were paratyphoid infec- 
tions, and It IS significant that the troojis were immunised at that time onl^ 
against the typhoid bacillus After the introduction of the combined 
typhoid-paratyphoul vaccine, enteric infections gcncralli wore reduced to 
negligible proportions. Expcnenccs m the last war base amply conlinncd 
the value of the vaccine Thus. Bojd’s observations on the incidence of 
enteric in ."illied and enemy troops m North Africa have indicated the 
cfTicac) of the British .\nuy T A B vaccine • among several thousand allied 
pri'oncrs in an enemy camp no cases of ciitcnc fever occurred, tliough the 
samt.irj conditions were primitive and the disease was occumng m Italian 
troops in the vicinity The v.iccinc used in the Italian annv, which was 
ai'i>arcnth made from non-v indent strains, did not check the prevalence of 
cntenc The British army vaccine incorixiratcil a strain of It lyphnsiis riih 
in \'i antigen It must i>c remcmbcrctl that the duration of the artifunl 
imimimlv is limited, and if it is. necessary to maintain a constant prophv laxis 
unTimms.ition should be rcjK.itod at two jcarlv intervals It has often l>cen 
re< ominendcxl th.il vaccination should lie cameil out some time prev tons to 
the exjKisure to infection, according to the view that immediatclj after 
iniKul-ition there is a tcmjmrary lowering of resistance {' iieg.ilne pluisc ) 
The |>ovsibiht> of such an < fleet has probablj Ixen nvcrestimated 

Kecent studies of the antigenic rlnr.iclcr* of tfie tv])lioi<l paratv[ih<ml 
Ij.uilh have shown that the full imniiini>mg effect of vntcines of these 
organisms <le|wn<is on the use uf virulent strains reiirrscntmg an .iile.iuale 
I onlriit of t) awtip u and. m tlie case of the tvpbowl l«.icd!ws of \ v .-mtigen 
1 In im IIuhI of prep iring the vaccine bv heating and jurserv mg it with jdieuol 



336 THE ENTERIC AND SALMONELLA GROUPS 

is deleterious to the Vi antigen and such vaccine does not kad to tht 
maximum production of Vi antibody. As a result it has recently been 
advocated by Felix and others that the cultures should be killed and pre- 
served with alcohol, m place of heating and phenolisation ; such alcohollsed 
vaccine stimulates the production of typhoid Vi antibody. TA.B, vaccine 
of this type is now being used. It apparently produces less severe local and 
general reactions than the older type. An ‘ endotoxoid ' preparation from 
the typhoid-paratyphoid bacilli has also been successfully applied (or enteric 
immunisation (Grasset). 

Antityphoid Serum, Chantemesse immunised animals xwth dead cultures of the 


successful Good results have been recorded with an antityphoid scrum contaimag 
Vj and O antibodies (Felix). It is claimed that the Vi antibody is highly active in pro- 
moting phagocytosis of virulent organisms containing the Vi antigen and that it etceh 
the O antibody in this respect The practical therapeutic value of this serum requires 
fuller confirmation 

The Seram Diagnosis of Enteric PcTCr — Widal Eeaefion. While the most 
conclusive method of establishing the diagnosis of an enteric infection is the 
isolation of the causal organism, the indirect proof of the infection by senim 
diagnosis has been extensively used in routine laboratory work. The method 
0 ^ carrying out \ T* 

presence m the 
bacillus The 

out on a stnctly quantitative basis, so that the highest dilution in which 
agglutination occurs, t e the ‘ titre can be determined. Paratyphoid infec- 
tions have to be considered as well as typhoid, and thus parallel tests wth fi. 
typhosus, B paratyphosus A. and B have generally been carried out in routine 
practice Owing to the fact that normal serum in high concentrations may 
agglutinate these organisms, it is necessary to base the diagnostic interpreta* 
tion of results on the known range of such ‘ normal serum effects , ». 
however, marked agglutination occurs in a dilution of I in 60 irilh average 
cultures of B. typhosus by the macroscopic method in a person 
against the typhoid bac 
nostic. In the case of i ' • 
dilution is significant , 

may reach higher titres, and \nth ordinary' suspensions of average cuiiuiis ^ 
titre lower than 1 in 120 cannot be regarded as significant. . 

All strains do not give uniformly the same results, though ‘ . 

definitely’ known on what this dinerence of susceptibility depen^. ^ 

must therefore be selected which gives the best results in the g . 
number of undoubted cases of enteric fever, and which gives as ht c re 
as possible with normal sera or sera derived from other fel^le 
latter point is important, as some strains react very readily to no 
sera Again, care must be taken as to the state of the cuUure 
suitability of a culture may be impaired by varying the con * 
growth Standardised bacillary suspensions have therefore been 
in recent j’ears for suspensions made up from separate j phese 

ously done on each occasion when Widal reactions were per o ipfeyef), 
standardised suspensions were originally presen-ed (yjjnation. 

but this introduced a difficulty. Formalin interferes wth 
though the ‘ large flake ’ agglutination characteristic of the H ar** 

IS well marked with formoHsed suspensions. Both 0 and i maialy 

formed in enteric infections, but in some cases the agglutinins > 
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of the 0 type, and formoHsed suspensions would then give^negative results. 
These suspensions are, houcser, suitable for testing the H agglutinin ; and 
cases occur in which thq agglutinins are entirely of .the H t%pc. It was found 
that an analogous standard suspension containing the O antigen alone could 
be prepared by treating cultures with alcohol, the H antigen being annulled 
by this method I'elix has advocated the use of specially selected strains 
which are sensitive to the H and O agglutinins rcspectivel}' , a formolised sus- 
pension of the former and an alcoholised suspension of the latter should be 
employed Accordingly, m carrjung out the routine Widal test it is now the 
practice to test the serum in parallel with standard H and 0 suspensions of B. 


been found m this country* th.at normal scrum agglutination may occasionally 
reach higher titres, ^ g with B. typhosus H suspensions I in 60, and with 6 
suspensions, 1 in 100 For determining the titrc of 0 agglutination the miv- 
tures of bacterial suspcnsion,and scrum dilutions arc placed at 50’ to 65® C 
in a water bath and readings made after tw'cnty*four hours; in the cases of H 
agglutination, readings can lie made after two hours at 50* to 55* C 

standard suiptmtont for a’^lutination tests These are prepared in bulk and cither 
(nrmoliscfl Ifnr H agglutination) or alcohohwd (for O agKhtiinalinn) Thf'y maintain 
Ihur projHftU's lor long pcruKh The Iresh batch of suspension is compared with an 
existing standard in rcspci-t of its agglutinabihtv by an appropnate antisi-rum the 
difference olisors od, if any. is thtn expressed as a factor by which the titres of sera tested 
with the suspension can be com-cti-d In lhi> country such standanhsfd snsjiensions 
tan l« obtiimd from the Central Public Health l-sbor.nory Colindale Asenue, London, 
It \\ 0 Markedagslutinationwithoutsedimcntation tsde-arnbedas standard agglutina- 
tion If. for example, stand.tril agglutination results in anj test with a suspension up to 
a certain titre and this suspension is slated to have 'standard ' agglutinabihiy. then the 
litre obvrsed is ' standanl litre' On the other hand if the agglulinahiliij of the 
suspension Is ' st.sndard X (a icrtaio (actori the standard litre is found by disicling 
the dilution-slenominator p) tlu factor (sec Mcslical Kesearth Council s Spt'cial Keport. 
So .'ll) / cr moll ted suspensions are prcparvil by the addition of 0 I jn r cint fiinnalio 

to a twenty -four hours' broth sulture or by emulsifying an agar culture in normal saline 
tontaining 0 I per cent formalin lleohnlued sinpensions are obtainctl by emulsifj mg 
the growth on I m hW phenol agar in a small amount ol saline to which "0 volumes of 
absolute alcohol are addetl The suspension is then heated at -11) to .V) r for ihirtj 
minutes The suspension ts finalls ccntnlugeil and the deposit re suspetulnl m saline 
with chloroform added as a pri-sersalne 

The reaction given h\ tlic <eriim in enteric fc\er usually liegms to l>c 
ohscrsed nlmtit the seventh (l.iy of llic di-scasi'. thnugh <K'c.Tsif>n.all\ it has 
l)cen found as early as the fifth slay , sometimes it may l>c tUl.iyed Usually 
it liccomes gradu.ally more iiiarUed as the disease advames, and it is still 
given by the hlo<xl of oonvalcM-cnls Further it may jicrsist for several 
months or longer after rctoverv Asa rule, up tt» a certain i>oint. the reaction 
IS more m.trketl where the fever is of a proiunmrcd cliar.ictcr, while in the 
milder cases it is less jironounced. but this is not invariably the case 

Owing to the fact that tlie devclojuncnt of the sjx^cific agglutinins is 
progressite during the illness, if on the first test agglutination is .il>s<>nl or 
oc< urs otil\ in low dilutions within the normal agghitin.ition range, the test 
should lie rejH'.vtevl In this way a mort conchisue result m.iv lie obtained 
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A series of tests carried out at intervals may elicit a ‘ rising titre ' which is 
of course, of t?ie lu'ghest diagnostic significance. 

The results of the agglutination test are in general relatively specific for 
the causal typhoid or paratyphoid organism. Thus the serum of a patient 
infected with B. parafypiiosiis A may agglutinate this organism, but will 
have little or no effect on B. lyphosus or B. paratyphosns B. These three 
organisms, however, possess a common O antigenic component and some- 
times 0 agglutination of B. typhosus may occur in paratyphoid infection, and 
O agglutination of a paratj'phoid bacillus in true tjphoid. As a rule the 0 
agglutination titre is higher for the infecting organism, but the differential 
diagnosis can best be made by reference to the H agglutination. 

It must, of course, be emphasised that such data refer only to persons nn- 
vaccinated against these organisms. Further, repeated tests may often be 
required to elicit conclusive results, and it is well known that in the para- 
typhoid A infections the agglutinin development is frequently weak or is 
almost absent till late in the disease. ' 

It should be noted that normal agglutination may vary in degree in 
different parts of the worlcl and arpong different communities. It is therefore 
important that those responsible for diagnostic Widal tests should be 
acquainted with the range of such normal reactions in the community in 
whicli they are \vorking. 

The Widal reaction iu persons previously inoculated with Jypnotd- 
pixralyphotd vaccine. Reference has been made gbove to the limitation offhe 
WHdal reaction m persons who have been inoculated with typhoid-parat) phoid 
vaccine and in wiiom there is a possibility of either typhoid or paratyphoid 
infection In order to surmount the difficulties arising from such complica- 
tions some observers have used the method of making frequent— it may w 
daily — estimations during an illness of the highest dilutions in wmch ttie 
serum will agglutinate each of the organisms suspected to V'® 
agent. This method was specially elaborated by Vreyer, Ainley n 
Gibson, who held that tlie study of the cur\'es of the agglutinin content oi ne 
serum gave valuable information. Thus, a regular and marked 
curi’c of one of tlie typhoid-paratyphoid subgroup to a maximum ^ , 

the si.xtccntli and tw enty- fourth day (especially between the eighteen ^ 

twentieth) with a gradual fall thereafter, indicated an infection wa 
bacillus , if m such a case primary agglutinins were present towar s 
members of the group (due to a previous \'accination), the 
residual agglutinins either showed no cliange or a slight 
their initial levels, or a marked nse, synchronous with or slightly’ ear 
that of the cur\ e for the infecting organism. It has also been s a 
persons I’accinated some months previously' the residual agg u 
mainly of tlie H type, ivhereas in enteric fer-er 0 agglutinins ^ 
m the serum and that a diagnosis of enteric in vaccinatea . ^tioos 
made in this ivay Beattie and Eliot have found, however, in 
on naval ratings that seven to twelve months after inoculation wi ^ 
paratyphoid vaccine the 0 agglutination with B. m 

typhosus B may reach a titre of 1 in ICO. It 15, declines 

vaccinated persons the 0 agglutination titre is usually o pe/erence 
rapidly, but a reliable diagnostic result can hanily 

to a single 0 agglutination test. It must be remembered tna^ ^ 

have resulted from an immumsing stimulus non-speciiic ac sertnu. * 

enteric febrile illness, mav increase fhCv agglutmation result 

and an infection b'y o 
a marked increase in 
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To sum up, in using the Widal reaction for diagnosis m previously 
vaccinated persons little or no significance can be attached to H agglutina- 
tion , but if more than six months have elapsed since vaccination, and the 

0 agglutination titre is over 1 in 100 and on rcpieated testing shows a definite 
nse, this may be regarded as suggestu’e of enteric infection 

Vi-agglutinalion test (B. typhosus). If a person has been vaccinated with 
a heat-killed phenolised vaccine (vtde supra) and subsequently develops a 
typhoid infection, the Vi-agglutination test may be of diagnostic value, but 
repeated tests may be neccssarj’ for the demonstration of this agglutinin 
The test is best carried out with a selected strain which reacts to the \'i- 
agglutinin, and is not agglutinated by H and O antibodies A bactenal 
suspension for the test can be obtained in concentrated form from the 
Central Public Health Laboratory. It should not be used after two months 
owing to its loss of sensitivity when kept. The method of testing generally 
recommended is to add to 1 c.c. of each serum dilution (1 m 5, 1 in 10, 

1 m 20, etc.) in 3 in. by ^ in. tubes, one drop of the concentrated suspen- 
sion, incubate at 37* C. for two hours and allow the mixtures tlien to stand 


small central compact deposit in the control In cases of suspected tyqihoid 
fever marked agglutination m a titrc even of I in 10 has been regarded as 
significant, but of course a rising titrc during the illness is more conclusive. 

This reaction has now been extensively applied for the recognition of 
carriers of the typhoid bacillus and has proved a valuable indicator for the 
pur «*.•«.».• . .« - • I 

A ti • 

Kle 

1. Id ' I 

strains into types uas achieved by Craigie and Yen by adaptation of an 
anti-Vi ph.agc WJicn this phagcn-asciiJtiv.itedscri.'illy with different strains, 
phagci were obtained with a liigh specificity for the strain iritli winch each 


and .a mimlicr of new tyjxrs and subtjpcs have liccn added to Ihc^e 
(Craigic and Felix). The identification of such tj-pcs has provoil of undoubted 
value in epidemiological studies, c g. in tracing the source of an outbreak 

Types ol B. paratyphosus B. The x.unc principle .i>i that dvLri1«ti above 
lias l)ccn appliccl by I'elix and Callow to the taping of ll partitypliosus li 
\ hcat-l.afiilc Vi antigen lias been found m ca’ery strain examincfl by them 
in this country, and liy adaptation of an anti-Vi ph.agc to certain strains, 
different tyjio^ h.aa’c Ixx'n ri*cogni'»«l. 

Another sastein of tyjimg ha*. l>ecn apphcrl b\ Knstcnsfn .and IlojRn 
and otherN. based on diffiTcnces among stmins as reg.ird*. the rate of aciil- 
production 111 the fermentation of rlnmnoM* ainj ino'itui The stability of 
tlie tvjH-s so riTfignisOtl i> doubtful For details of the mctfiod the onginal 
pajH'fs sliould l>e lonsuited 

General View ol the Relationship ol the Typhoid-Paratyphoid Bacilli 
to Entcnc Fever. 1 Lntcm, fever isadi'a*.iso in winch the l'~'i<>n'.. are centrctl 
in ihc intisune. fuit the infection i-v csstntiilly a gentral and sN^titiiK one, 
.mil '•eioiulirv rnerls inav oenir in other p.wts of the Ixviv. Ihe sjynllc 
assiHiitlon of t!ic t\photd-pir.it\phonl bacilli with the disease and its 
ch iracteristic U-'inns lias Ix-eii tlioroiiglilv rstablidicil by Inctcrmlo^ical 
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mvostisatwn. Their almost constant presence in the blood at an early stage 
is specially significant of their etiological relationship. 

2. The comparative failure of attempts to cause the disease in animals is 

of little significance. In nature animals do not suffer from this condition 
laboratory"*'**""’^ ' 

3. The ( 

belong to <jl Liiiuic |Mticms and convalescents, and the action of 

such serum in agglutinating the bacilli, indicate an etiological relationshio 

between ■ 

fact that 

the clrseai- m inubti exposed to inlection, and also in lowenng 

the mortality when the fever attacks vaccinated persons. 

These facts constitute indirect but practically conclusive evidence of the 
causal rclatwnship of the typhoid-paratyphoid bacilli to the disease Cou- 
firmation of this view is found in the fact that cases have occurred ahere 
bacteriologists have accidentally infected themselves by the mouth with pure 
cultures of the typhoid bacillus, and after the usual incubation period have 
developed typhoid fever. Several cases of this kind are on record and their 
significance is not affected by the fact that other similar instances have 
occurred without tfic subsequent development of illness. These latter would 
be accounted for by a lo^v degree of susceptibility on the part of the individual 
or to a lack of pathogenicity in the cultures 

There is evidence that certain indinduals are relatively insusceptible to 
enteric fever Cases of the occurrence of typhoid-paratyphoid bacilh in the 
healthy intestine support this \iew, and It has been further shown that dun^ 
an epidemic certain persons may suffer from slight intestinal symptoms with 
these organisms in the f^ces but without the disease going through its usw 
course The so-called ‘ambulator)*’ cases of enteric fever iorm a 
between these mild infections and fully developed disease. 


BACTERIOLOGICAL DIAGNOSIS OF ENTERIC FEVER 
The best solution of this diagnostic problem is found in the isolation of 
the specific organism from the body of the patient, but difficulty may a 
when, as is often the case, the individual does not come under ^ 

till some time has elapsed after the onset of the illness. The bad i ) 
isolated in the following ways. . -nntss— 

Blood Culture. During the first seven to ten days ox the i 
especially in the earlier part of this period— and in relapses 
present in the blood in most cases and can be demonstrated by “to 

5cg of blood drawn from a vein with strict asepsis are placed in ^ 

ox bile or in 50 c.c stenhst 

the mixture is incubated for , . 

paratyphoid bacilli can bt ue 

medium Single colony subcultures are made and the . .g^ctioris 

identified by its biological characters, biochemical and serolog 

‘ Clot culture' If a sample of clotted blood only is submi ^ after 
Widal reaction, it is of value in routine w.'ork to use the ciot o a 

separation of the serum. For the purpose the clot is a blod 

tube of sterilised ox bile and this is then dealt with as in the 

culture (vjtfc supra). vc I's referred to 

Fmces Culture. The method of obtaining suitable , ccecicneus t‘^ 
in the Appendix. If there is likely to be delay in the per cent- 

the laboratory, the feces should be mixed with a sterile solu i 
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neutral glycerol in 0-6 per cent, saline buffered with 1 per cent, anhydrous 
disoduim hydrogen phosphate. In the case of a solid or semi-solid stool, a 
dense emulsion in broth is made and allon’ed to stand m a tube till the sohd 
particles have settled , one or two loopfuls from the fluid are then used for 
inoculating plates of MacConkey's or desoxycholate-ciirate medittm. The latter 
is now to be preferred, since it is relatively inhibitory to coliform bacilli and 
permits a heavier inoculation %\nth the stool, and so increases the chance of 
isolating the typhoid-paratyphoid organism if the latter is in scanty numbers 
Subcultures are made from several discrete pale or colourless colonies on the 
plate after twenty-four to forty-eight hours’ incubation and the pure cultures 


cultivated at any stage of the illness. 

Brilliant green Enrichment method In this metliod use is made of the 
property of the dye to inhibit most of the commonly occurring coliform bacilli 
while allowing the enteric organisms to grow freely Tubes containing 10 c c 
peptone water (pH 7'0) and (1) 0*25 c c . (2) 0 1 c c , and (3) 0 7 c c of a 
1 10,000 watery solution of the dye arc inoculated from the stool and 
incubated at 37'’ C for eighteen hours and then subcultures are made on 
MacConkey’s or desovycholate-citratc medium , pale colonies are sub- 
tultured and investigated as in other methods This method gives best 
results with B paratyphosus D. The procedure may be simplified by using 
only concentration (2) of brilliant green 

7 etrathionate enrtchmenl The medium consists of 00 c c. broth to which 
arc added 2 5 grms of stenUsed dned chalk , after thirty minutes steaming 
of the medium, 10 cc of 60 per cent stenhsed crystalline sodium thio- 
sulphate solution arc added and 2 c.c of iodine solution (6 grms iodme and 
5 gnns potassium iodide in 20 c c water) The medium is then tubed 
in 5 c c amounts A tube is inoculated from the stool and incubated for 
eighteen to twenty-four hours when a subculture is made on MacConkey's 
or desoxycholate-citrate medium 

selenite enrichment 0 4 per cent, sodium hydrogen selenite (an 
hydrous) incorporated m a peptone-lactose solution also yields very marked 
enriclimcnt of lyphoid-paratyplioid bacilli from stools (Leifson) 

Wilson amt Blair's bismuth-sulphite medium. The value of this medium 
de|xrnds on the property of the typlioid-panityphoid bacilli to rethice sulphite 
to bulphidc in the presence of glucose and the inhibition of coliform bacilli 
In brilliant green and by bismuth sulphite in the presence of excess of sodium 
sulphite Colonies of the enteric organisms growing on the medium arc black 
It shoulil be noted that for optimal results more than one of these methods 
should Iw usc<l. e g direct plating on dcsoxycliolatc-citnite agar and bnlliant 
green or tctrathionate enrichment Thus the enteric organism in some cases 
Is demonstrable by one method and not by another 

Urine Culture. The entcnc bacilli can l*c demonstrated m the unne in a 
tcrlam proiwrtion of cases, csjicciallj late in the disease The sj>ccimcn of 
unne IS cenlnfiigcil and foxeral loopfiils of the dc|x>sit inoculalcil on a plate 
of Mai Conkcv 's nr desox'x clioUte-citratc agar 

It should Ik* cmphasi-ed tli.it many examinations of Ujtli stools and unne 
mav Ik* roijnircd for tlic detection of the organism 

Bile Culture. This meliiCKl h.as also liecn applied suri-c-sfullj for diag- 
nosis csjKK-nllv m the kitcr st.!ges of the illness Tlic duodenal tnl>c Is 
visixl for aspirating hilc anil the materiil is then plated on MacCotikcv’s or 
dcsoxxi hoi itc-riirate meihum 
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Bone Marrow Culture. Recently, sternal puncture has been advocated as 
a means of obtaining the typhoid or paratyphoid bacillus in cases in which 
other methods have failed ; and succe^ful results have been recorded 
(Sprenger ; Franza and Colarusso). 

Widal Reaction. The practical application of serological methods in the 
diagnosis of enteric fever have been fully discussed in an earlier section of 
this chapter. 

Diagnosis of Typhoid-Paratyphoid Carriers. The agglutination reactions 
of the serum may be used as a preliminary criterion, but a negative result 
does not exclude the existence of the carrier state. The only proof is 
the isolation of a typhoid-paratyphoid organism from the faeces or urine 
and at least six examinations extending ov'er ai period of one month are 
required, as the excretion of the organisms may be intermittent. It is gener- 
ally recommended that before the examination the person should receive a 
dose of calomel followed by a saline purgath'e and the second or third stool 
after purgation used for the test. Bile culture is also of value. 

Post-mortem Examination. The specific organism may be isolated from 
the intestine, particularly from ulcerative lesions ; cultures ihay be obtained 
from the gall-bladder and here the organism may occur in a state of purity. 
Successful isolation, may also be obtained by cultures from the spleen, mes- 
entenc glands, and sometimes the heart blood. 

ORGANISMS OF THE SALMONELLA GROUP ASSOCIATED 
WITH FOOD-POISONING, ETC, 

Organisms biologically related to the typhoid and paratyphoid bacilh and 
included along with these in the Salmonella group are found associated with 
cases and outbreaks of acute gastro-enteritis following the ingestion of some 
article of food, frequently meat, contaminated with the particular 
Such cases were at one time designated ' ptomaine poisoning from tne i 
originally prevailing that the symptoms were caused by ptomaine subs an 
produced from the bacterial decomposition of the proteins of the food.- 
vast majority of cases of food-poisoning, taking the form of an 
ententis, are due to the group of bacteria now under ^ 

are all capable of multiplying in the intestine , they may also pf 
general blood infection (The condition of botulism, a special 
poisoning affecting the nerv’ous system, is discussed in Chapter a.. ■ 

food at fault may not, to taste or smell, present any unusual lea 
very often there can be isolated from it an organism 
derived from the sick individuals. The foods giving rise but 

belong to the presen’ed-food class, e.g. sausages or sirnilw «^ved 

cases also arise from fresh foods, milk, etc. Sometimes it has 
that the animal from which the food is derived has been su 
infection due to the organism subsequently found, but this 
been the case, and meat from healthy animals may be con arm 
extraneous sources. 

BAdLLTIS ENTEEITIDIS (SALMONELLA ENTERILIDIS), ETC ^ 

The classical type of the organisms referred to above ^oKowing 
desenbed first by Gaertner (1888) m an outbreak of gastro-cn . both 
the ingestion of the flesh of a diseased cow. The orgamsm w jj, ^ ari- 

from the patients and from the meat. Subsequent similar ou ^^^non- 

ous countries were found to be due to the same organism v\ i 
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strated in the stools and organs of cases. This organism resembles B. 
paratyphosiis B in its general characters, including biochemical reactions (title 
Table, p. 3C2), but can be clearly differentiated by its serological characters 
T ‘ ' *' *' • 'theSahiiort- 

Dr laborator>’ 
ense liremor- 

rhagic enteritis, and usually there is a septiciemia Mith the occurrence of 
serous inflammations'! tlie bacilli are recoverable from the internal organs 
and often from the blood In man, as the name of the bacillus indicates, the 
effects are centred in the intestine, avhere there is usually marked inflammation 
of the mucous membrane, sometimes attended with hremorrhage into it ; 
evidence of a scpticremic condition may also exist The illness usually appears 
w ithm twenty-four hours of the food being taken, but m some cases sjmiptoms 
may appear almost at once, in which case they are probably due to tlie 
immediate action of to\m ; it is important to note that the poisons formed by 
this type of organism are relatively heat-resisting. The production of 
memngiti‘» and cholecystitis along with enteritis, has been described in infants 
by Guthrie and Montgomery. The scrum of convalescents may agglutinate 
the organism 

Danyu's baedtuj and rat vtruset. Danysi isoUted from an cpitootjc in field nuce 
an orgamsm which w practically identical wnth D enlentiilis. ami introduced it for the 
purpose o( killing rats by originating m them through feeding a similar epizootic 
hovcral ‘ viruses ’ of this kind have been m commercial use for this purp<isc, t g ' Ratin 
Tho efficacy of such agents may vary, and the mortality m artificuUy ongmated cpi- 
zODtics may be from 2U to GO per cent Sometimes, apparently under natural conditions, 
rats develop an immunity to such ‘ viruses ’ This tj^ie of organism ma> be regarded as a 
sarictyof U fxferihJij and designated . it shovvs minor fermentative diflercnccs 
from the classical type (Another variety designated essen was isolated from enteritis m 
man and from ducks and ducks' eggs . a further variety designated chaeo was obtained 
from cases of continued lover ) 


poll 

bee 

tST ■ 

SaUtwueHii gnuip consulercd as a whole comprises a muUiphcity of types 
resembling one another in general ami Inochcmical characters but differing 
in antigenic constitution ami In jKirlicular biochemical reactions In a recent 
publication in which thc^o organisms arc comprehensively described. 111 
tyi^s arc listed (WiKon and Miles). Their serological clas'.ihcation is ilcalt 
with later 

b.avage and White in a stud> of the organism? of this group associated 
with fooil'poisonuig, recogniscrl in 1923 certain mam tyjxis : li. entfnttJis 
(Gacrtncr), B. aertrycKf, li autpe^ltfcr. and other varieties dciignatcfl 
'btanlcy', 'Ncwixirt'. 'Derby'. Since then the SalmnntlU group has 
received most ititensis c study and as a result the nunil>er of recognised tj^ics 
h is stcaildj grown Their imjxirtancc lies not only in their relationship to 
footl-jvMsoning, but also m their pathi^^mic r61e in various animals. 

B aerlrycke {SalmonBla iypht-muriim) was originally isolilcil by I)e 

s . ■■ ' " • ff Kiiipe%!{- 

viously been 

' . ■ hog cholera) 

which, liowcNcr, was l.atcr shm\n tolic due to a filterable virus, /) siiipnli/cr 
Ivcing probibU a H*cond.ary agent m the disease Tlic bi<>chetnieal reactions 
of these orgmisins are shown in the Table on p. 302, and tlieir antigenic 
tliar.irters iii the Table «*n pp 317-^ 
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They were at one time confused wtli B. paraiyp/iosus B owng (o their 
close serological relationship with it, and similarly strains designated B para- 
typhouis B were described in food-poisoning cases. Savage and White 
separated them into the different types referred to above, and pointed out 
that B. paraiyphosus B is associated witli paratyphoid fever and probably 

-- / ‘ jric fcver due to the 

’ usher in the attack 

. ’ e in food-potsoning, 

though B. aertryche is a frequent cause. AH recent data on the occurrence of 
Salmonella group organisms in liuman infections in this country indicate that 
B aerlrycke is by far the most prcralent. Other types reported up to 1939 
were B euteniidis, Thompson, Naeptrl, B. suipestifer (diphasic and mono* 
phasic varieties), B. morbificaus bovts, Dublin, Senflenberg van Newcastle, 
Derby, Slanley, Eastbourne, Potsdam, Aberdeen, and London. The antigenic 
characters of these organisms are dealt with below and their biochemical 
reactions arc mdic.ated on p. 362. In 19i2 a number of new types were iso- 
lated in this country, the commonest being the Oranienburg, and since then 
Still further tjTies have been recognised, mostly varieties previously desenbed 
in the United States and other countries. It seems likely that many oi these 
were introduced in imported dried egg. In addition to the Oranienburg type 
those vvhich have assumed some degree of prevalence are S. analum, S. ^nele- 
agndts, Bareilly, Chester, Tennessee, and Montevideo tj'jics In all, tuenty- 
nine additional types were isolated l^tween 1940 and 1944, and many strains 
were unidentified 

Smith h.is emphasised the variation in the form of disease produced by 
Salmonella type.s B aeriryckc, B. enteritidis, and the Thompson type are 
usually responsible for an enteritis, while the Dublin type has been associated 
with septicremia and meningitis B suipestifer also seems to possess con- 
siderable invasive properties Cases hav'C been recorded which at first hs 
the symptoms of food-potsomng and later developed into a continued /even 

In the etiology of food-poisoning the sources of the causal organisms an 
the mode of contamination of the offending article of food require conside • 
tion B ententidis or varieties of this oi^anism occur in natural mfec lo s 
in cows, calves, pigs, ducks, rats, and mice B. acrtrycke is responsj e 
epizootic enteritis in gumca-pigs. mice, and other rodents, and is oun 
pigs, but not commonly in rats fSavage and White) It may the 

cattle, sheep, pigeons, ducks, chickens, parrots, and canaries, _ 

case of flesh foods, the animal from vvluch the food is derived may ^ 
infected, eg the original B. entertUdts strains. As 
foods have frequently been responsible for outbreaks, and it has ee 
that grovvtli of the p.irticular organism may’ have occurred m , . 
with the formation of toxin which, on ingestion of the food, is 
immediate symptoms Cow’s mdk has on occasions been j or 

outbreaks of fooJ-poisomng, the organism being denved ^ats, 

intestinal tract As the Salmonella organisms are prev'alent m jjjfected 
contamination of food may occur from these animals. yEZ} 
birds, eg ducks, may contain the oi^anism. and made to 

cases been traced to this source Reference has already huniaJ’ 

Salmonella infections from imported dried egg. In certain and 

earners of these organisms may be responsible for food con 
outbreaks of enteritis following the ingestion of the food. , groap 

ToxiC and antigenic chemical fractions isolated from a jind 

organisms. Studies of the chemical fractions isolated ‘ ^,3 others 

B, enteritidis have been made by Boivin, Raistrick and top y> 
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By extraction of the bacterial cells and purification of the resulting products 
a protein-free fraction has been obtained consisting of a complex carbo- 
hydrate combined with phosphatide. This apparently constitutes the endo- 
toxin and also the somatic antigen of the organism It is highly toxic, and 
animals injected with it develop h 5 *pergl 5 x:.'cmia In vivo it incites the 
production of somatic agglutinins. It has been suggested that this typo of 
chemical substance isolated from Salmonella organisms is representative 
of similar toxic and antigenic products common to various bacteria, these 
differing chemically from one another acconling to the species or t\pe of 
organism. 

Bacteriological Diagnosis of Salmonella Food-poisoning. Cultures should 
be made from the stools on plates of MacConhey's or desoxycholatc-citrate 
medium Separate pale colonies arc subcultured, and the cultures are investi- 
gated first in regard to their biochemical characters and serological reactions 
In addition to the ordinary fermentation tests with sugars anti similar carbo- 
hydrates shown in the Table on p. 362, certain other biochemical reactions 
lia%c been utilised for differential purposes Among these, the utih<ation ol 
sodium rf-tartratc merits consideration thus P aertrycke and vanous other 
Salmonella group organisms gencrallj utilise this s.ilt while strains of li para- 
typhosus B from enteric fever have no action on it (Drown. Duncan and 
Henry) On the other hand, it has liecn pointcil out that strains of B 
paratyphosus U from cases of gastro-cntentis utili.se the salt To test tlic 
difference the organisms arc grown in i>cptonc water containing 1 percent of 
tlic salt After incubation a solution of lead acetate is added to the culture 
if the salt has not been actc<l on there is a copious precipitate of an insoluble 
lead compound with the organic and , utilisation is indicated bv absence of 
such precipitation tliougli a slight precipitate of carbonate may be oliicrvcd 
Indole production is uniformly absent in tlicS<j/»Mo«r//<i group except for occa- 
sional variant strains or colonics Gelatin hqiicf.iction is also absent but 
lujiiofying tjpes have been rccordnl TIic serologic.il identification of these 
organisms is considered below In certain cases, particularlv thoic of a sc\ ere 
nature, the causal organism is present in the blood and can l>c isolated bv 
blood culture The susjicctcil article of foo<l. if obtainable, should be 
examined bacteriologically with a view to i-.olatmg llic causal organism 
from it 

In convalescence, if a bacteriological diagnose has not prcvunislv been 
made, oxainmalion of the patient’s scrum by direst agglutination tests and 
agglutinin absorption tests with known Salmnnella strain-' of different tjj>cs 
may elicit jiroof of tlic previous infection Tlie scniul is tcsteil with 
bjiccilir H susjxnsions of B nertryche. It paTttt\pho%its C, li eiitenlulis. 
Xca'pOTt. and Stan/rv tyixrs Tlicvc arc obtainable from the Central Public 
Health Lal)orator\', London. .\ re.iction with one of them m litres alHive 
1 in 50 IS regarded as .significant A nuxnl susiiension consisting of inono- 
phasic non-sjx:cific aertrycke .and suipesttfer tviH-s can also l>e used, but of 
course a reaction w ill merelv denote infection bv a inemlx-r of tlic Salmonella 
group, a litre of omt i in .'»!> would Ik* suggestive I’reiioiis enteric 
\ accuMtion would nullifv the significance of all tbc'-c reactions 

THE SEROLOGICAL CLASSIHCATION OF THE 
SALMONELLA GROUP 

III rtsent \e.irs the antigenic romjio-'ition of tlic '>almnnel!j groufi h.as 
Ix-eii sttnlied f)\ various workers (notablv b\ Kaiiffmirm .ind Unirc M’hite) 
jni! .in .it tempt Ins Ix-en iii nle to define in this wav the serologir.il differences 
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and inter-relationships of the v-arioas types. Reference has been made to 
the dose relationship between different members of ,the group and the 
difficulty of differentiating such organisms by simple agglutination tests wth 
specific antisera. The occurrence o/ such cross-agglutination is due to the 
fact that an organism not only stimulates the production of agglutinins 
towards itself (homologous), but also of agglutinins acting on kindred species 
(heterologous, group agglutinins, or co-agglutinins). The homologous 
aggJutinms may be present in much greater amount m the serum than the 
heterologous, and careful quantitative tests would elicit this difference; but 
among certain organisms group agglutination may be so marked as to 
render direct agglutination tests insufficient for differentiation. 

In differentiating between homologous and group agglutinins the absorp- 
tion method has been used. Thus, Castellani found that, when an aninicil 
had been immunised udth B. typhosus, this organism would in vitro remove 
(’ absorb ') from the serum not only the homologous typhoid aggJufmins, but 
also the group agglutinins which might act on allied organisms, iihereas 
in vitro treatment with a related organism removed only the group agglutinins 
for that organism %\ithout influencing the l 5 'phoid agglutinins. 

The occurrence of group agglutinins in the serum of an animal immumsed 
against a particular organism is due at basis to the comple.vity of the antigenic 

structure of the bacUlusin qucstjon.someantigensbeingspecificorpecubarto 

the baciilus, others being possessed in common with- other members of the 
group It was at one time assumed that the individual bacilh in a pure cul- 
ture all possessed the same antigenic structure. The w ork of Andrewes, hw- 
ever, showed that in the case of certain members of the Salmonella group the 
two kinds of antigen arc carried by different bacilii and their derivatn'e 
colonies m plate cultures. These organisms are therefore desenbea ^ 

’ diphasic In analysing the subject, Andrewes first prepared a 
serum and a pure group serum. The former was obtained by abscrwig t 
group agglutinins in an antiserum for a particular organism by 
mth an emulsion of another bacillus of the same, group. The group se 
was simply a scrum prepared against another bacillus of the group. , 
that It was rich m group agglutinins Wien agar plates 
individualcolonies were separately tested.it ivas found that the bacutio 
colonies were agglutinated by the specific serum, but practically not a 
the group serum ; while the converse held in the case of o^her 
the mass culture there are accordingly two kinds of colony 

t ..a^er 


kind, the other soon r< 

/•har-irtpr is pflfirflv 


ip 
th 
it 
jthe 
ff it 


H antigen Thus, m one of these phases this antigen jji some 

exhibits well-marked group characters. It was 

cases the diphasic variation does not involve a difference betw e p jg,. ' 
group characters, and the designation of the alternative become 

and ' group ’ has not proved generally applicable. “ p® ^ o but it may 
customary noiv to refer to them simply as Phase 1 and „/pbase 2 the 
be said that Phase I often represents the specific antigens, a 


non-specific a.fferent types m 

Apart trom the H antigenic components common to org^a* 

one phase, there may also be common 0 constituents ® according to 
isms. Thus, the whole group can be arranged m su gr y 
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similarities in their 0 antigens. These relationships are illustrated in the 
Table {vide infra). This shows the main antigenic factors of several representa- 
tive types, and illustrates the inter-relationships dependent on the existence 
of factors common to two or more different organisms of the group It sliould 
be noted that the various antigenic formuke shown in the table do not 
necessarily represent the complete antigenic constitution of the respective 
types and that components specified by a single number or letter may each 
be of complex structure. 

SCROLOGICAL IDESTIPICATIOV OF SaLMOVELLA TyPES 


org: 

C. 


pension of the unknown strain, if la^e flake agghilination results the organism is 
probably in the group phase and from it a spccific-phasc denv ativc must be separated 
Till? can often be secured by plating, so as to obtain separate colonics A loopful from 
each of a number of colonics is emulsified on a slide m a drop of antiserum (m low 
dilution) to the monophasic B swf>esiiftf referred to aboie^ The presence or absence 


confirmed by absorption tests .\ non-motilc variant can only be identified serologically 
a? regard? its 0 antigen Tor fuller iRforin.?tion the onginal papers on this subject 
should be consul toil The Centr.-il Public lle.nKh I-aboratory sopi>hes a certain range of 
antisera for idcntifjing SaUnonelU types . details of these and their practical use are 
given in the UulUUn of the Ministry of Health, etc . 19H, 3. 177. For the detailed 
idcntifieation of the antigenic components of an unknown Sahnonetta type a full anti* 
genic analysis i? made by means ol selectively absorbed monospecific sera for the various 
O and 11 components of the group {iiJe Table.) 


Ur.PUr.SCNTATiNES or Tin: s\l\ionei.l.\ ckoup 

\rrangeil in subgroups with similar O antigens according to the KaufTmann-\t hite 
clasMficatKm 
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hepresentatives op the salmonella , 



variety has been descnbed and dej 
bioSv r w ‘ Salmonella Subcommittee of the Interna 
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Subgroup A. 

D paralyphosus A stands m a subgroup by itself, but has an H antigen (' a ’) in 
common with several other types, e •> Sendat It is roonophasic. 

Subgroup B. 

li paratyphosui D is assigned to subgroup B, which includes a large number of tj-pes 
with the common O antigens ‘ IV ' and ' Xll ’ This organism is diphasic with the ‘ b ’ 
flagellar component in the specific phase 

1} aertryckg (S typki-murium) has similar O constituents to those of the former 
organism, but in the specific phase has an entirely different flagellar antigen {' i ') . in the 
non-specific phase it cannot be distinguished from If parat\'phosus li by serological 
methods 

Stanley type This has been found in food-poisotung cases, but is unknown so fat in 
animal disease Recently, however, it has been isolated from American dried egg im- 
ported into this country It IS related through its O antigens to i? paratyphosus R. but 
has a distinctive H antigen in the specific phase 

Chester type has been isolated from gastro-ententis m various parts of the world 
and has liccn found m healthy pigs It is diphasic, one phase having the H antigens 
' c ‘ h '. and the other ‘ e ' n and * x 

Reading type, originally isolated from a water supply and later from gastro-entcntis 
and healthy human carriers It has been found in healthy pigs and from an epizootic in 
guinca-pigs In the specific phase it is similar to one phase of the Chester ty pe 

Derby type has been found in gastro-cntcntis and in healthy pigs, turkeys, and 
imported dried egg The flagellar antigens are different from those of the other members 
of the subgroup It is apparently monophasic 

li aborlus-rqttt This occurs m abortion in mares, and has not been found in human 
infections Though naturally monophasic. artificial antigenic variation has been 
observed in this organism one such variant has been found to possess the ‘ a ’ com* 
ponent (cf U paralyphosus <4). 

It aborlus’Oiis described m abortion of sheep, it is diphasic, and in the specific 
phase has the same flagellar antigen as li suipesiifer 

li aborlus’iotss, isolated from the viscera of cows that had aborted and also found 
in a case of cntcnc-likc illness In one phase it has the same II antigen (‘ b ') as II para- 
hphosus li in the other phase the II antigen resembles that of 71 ttl'Otius-eqnt and li 
Chester It is exceptional in its property of linuefying gelatin 

Subgroup C. 

D paralyphosus C (Hirschfetd type of Sahnonella) has already been referred to 
It has been reported in cntcnc cases in Hastern Hurope and Hritivh Ciiiiana , but 
has not been isolateil from animvis Its antigenic structure is similar to that of 11 
sujpeslifer (S eholfrar-suis) and like the latter it is diphasic li paraliphnsus C and 
li suipesiifer are distinguishable by bioshemical reactions {tide Table, p flOJ) 

H suipesiifer {‘i ehnletir-suis) Kefercnce has already been made to the oceurrence 
of this organism in pigs and its occa'ional av'-xiation with gastro-enterilis in m.in 
It has K-en found in c.sttic and m importnl dried egg Two vanities have now N*en 
recognised, one with the VI, somatic antigen and the other ’ \ I, . Ixith l>cing diphasic 
iind otherwise simil.sr tt one time a monophasic vanetv which sevmeif to exist onlv m 
the non-specitiv phase was describeil as the hMnrrnJiw/tvjie thivvariclv iliflinng from 
Ihe classical strains in the prinluction of II, S It is now doubtful whethir this supjHised 
\ snetv should l>e sepvralcly namni, as it can l>e transformed under certain conditions to 
the speiific phase It has lus-n ptunted mit. however that it dilfers in pathogenicity 
Ifom the tvpical strains of H suiprslifer. Ining less invasut I ntenc like infections by 
II iiiipetn/rr and the Aioi.vn fer/ ty|>r have l*een reeoixUsl 

Salinonelli Isphi-suis «iriKinatly isolsird from a typJnud like disea«c of jugs seems 
t > l>e nsviciited with infKtion in these animals alone it has not Ix-en found m liuman 
Oiseise It IS I’racticallv identical with II ini/yirifer in anligenn sinii lure but iliflrrs 
m Its lur>chenucAl reactions (iiJe Talde p 3Wj 

rAi’twpjen type Tills has t>ec-n (ri->|Utntlv isolated fr<im bs«l jxnvmmg anrl Ins a 
rrUtivelv high prevalence in this coumrv It his l-een buind alv^i In jugs and Inv lieen 
iwilatnl from imporifsl dnetl egg It isdiphasic The »pmfii .snligen ( k ( clivtingni'I.es 
It Ifotn II luiptflijir 

iltanient'iifg tvjw This orgsmsm twcurs in ta-stro-enteriUs and inlintile <lurTh-Ta 
Ji has l<een found in chickens in the I'nilnl ‘•tales and I as frc^joentlv l>ren ivifxiril from 
dfied egg 

r.'liJs-n tyjw ««-iurs in lissl jv-ivming and has rrsenllv l-een fotiml In i-ipf.'ieil 
.Ined egg 


/ 
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It has been louim . 

country have resulted from its pr«Acu\.i- • ^ 

Montevideo type. Two varieties have been rccogcibcu j.. • a 

isolated from pigs, chickens, anti turkeys, and from imported dried egg, ana lus 
responsible for outbreaks of food'poisoning in this country 

Tennessee type has been reported recently tn cases of food-poJsonmg originating from 

imported dried egg 

Newport type This has been one of the cornmoncst food-poisoning organisras iq 
this country. It has been found m rats, pigs, and poultry. Imported dried egg Jias 
also been found to contain it 

B mofbificans bovts has been isolated from infectwl cattle, though relatively un- 
common. and from cases of gastro-ententis in man. It has also been found in dned 
egg 


Subgroup D. 

B typhosus This organism has already been described in detail It has the 0 anti- 
gens ‘ IX ' and ' XII ' and. when recently isolated, strains have the ' Vi ' antigen 
it IS monophasic and possesses the specific flagellar antigen ' d ' which it shares v>jtli 
several Saliitonella typos, e » Siafiley, belonging to other subgroups It has not been 
found in animals 

If enteriiidis is similar in its O antigenic structure to B. typhosus, but diflers jo ‘ts 
H antigens , it is also monophasic The characters of the organism and its relation to 
food-poisonmg have already been dealt with. 

BitbUn type As the Table shows, this organism has a close relationship to S 
enterttidis, though it has a dificront component ('p'} in Phase i. It has socnctisies been 
described as a variety of B. eittentidis It occurs in calves, e $ calf diarrhoja, and l«s . 
commonly in adult cattle, but it also occurs iu fowls and pigs It has been found w 
gastro-ententis of man and has been responsible for milk-borne outbreaks 

ZTrtJ/bowrMe type This was first isolated from a case diagnosed as entenc fever it 

has also been found m animals Certain strains diflcr from other organisms 

in producing indole. ' ' 

Stndat type was first described m entenc fever in Japan and has also been ^** "1 
in America Though similar m its O antigens to D, typhosus, it resembles B ge 
typhosus A in its H antigen It is. however, diphasic. . , . 

B gallinaruiii occurs in a disease of fowls sometimes spoken of as ' fowl typ 

- - *7) hems iwu 


^ 5 mu, mil UVV.UI3 lU iV SAIlucvlluta — • - 

It dilTers from other members of the Salmonelta group described abow m Mms 
motile and non-flagelJate and therefore possessing only O antigens. It is 


non-gas-producing ' The biochemical reactions are shown in the Table on p .^5 
organism is generally regarded as non-pathogenic to man. but a fermentative va 
been found in cases of gastro-entenUs. known « 

B pullorum is responsible for an exceedingly common disease of cnicK 
' bacillary white diarrhoja It can be isolated from the fceces, internal organ , 
and the infection is transmitted through the egg from the parent bird A u 
carry the organism without obvious signs of infection , such earners ^^ctanisoi 

by theagglutmation reactionoftbcjTscrum withacultureof B puUoruM. and has 

has sometimes been found m other birds, in pigs, and in the human jf^jcfurt 


been isolated from imported dried egg It is apparently identical m 
with B galhnarum and is likewise non-flagellatc. but differs in biocfie ^ to 


witfi a galUnarum and is likewise non-flageUatc. but ainers jh pr w 

(vide Table p 3G2), being usually gas-produciog and hailing ,,.,-iart 3 ntcif 

utilise cf-tartrate Some workers have regarded B, pullorvui as a ferroen 
B galhiiarum 


Subgroup E. g it has 

London type has been isolated from food-poisoning and ’ jj,e 0 

also been found in healthy pigs, chickens, and imported dried egg heing ‘ 5 ’ 

‘ in ‘ X and ' XXVI and is diphasic, the specific phase ^ „jth 

Salmonella anatum is similar in its O antigens to the London JP ; . „ jcfectioa o 
H antigens (' e ' h ') It was origmally desenbed in an epimo« food-poiso''''*? 
ducklings (' keel disease ’), and has been isrflated from cases o 
infantile diarrhoea It has been found in imported dned egg isolated recent y 

Salmonella meleagndis This type is one of those winch f,(jns m turkeys *'!, 

m this country iroin imported dned egg It is associated „gjis and a!*'’ f ” 

has been, isolated from pigs It is similar to S. aftaluni in its u ° j jjjg other ph* 
antigens in one phase, but difierent in respect of the H componen 
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Newington type isolated from ducklings, chickens, turkeys, and dried egg imported 
into Great Britain. 

Senftenbergty^o isolated originally from a case of gastro-cntentis It has been found 
in turkeys and chickens and m healthy pigs 

Other subgroups. 

Aberdeen type was originally isolated from a case of gastro-enteritis , it has also 
been found in chickens 

Some further representative types which fall into subgroups other than A to E are 
shown in the Table, and their diflerenbal antigemc formuls are given Most of them 
have been found in cases of gastro-cntentis and some have been isolated from poultry 
and pigs One type. Aruona, has been isolated in the United States from certain 



CHAPTER XV 


THE DYSENTERY BACIELI AND ALI.IED 0KGANIS5IS 

DvfinNTniiV — a clinical term applied to cases characterised by tenesmus 
aiui tire frequent passing of stools containing blood and mucus— has long 
been recognised as including several etiologically distinct conditions tlieie 
arc two main forms of dybenlcry— nmnsWe due to tlic Enlmtcrla hisMytica 
(Clianter XXXIV) . and bactllary.cbic to II. dystnUriit. a group of organisms 
comiirising a niimlicr of different tyi«. In botli cases the lesions “e siluatrf 
in the large intestine. Tire dysentery bacilli arc related biologically to he cdi 
typhoid Vinisms It should be noted that eases ‘’'= 
of food-poisoning may sometimes be due to infection "'jd' d>* J 

The first organism of this group to be desenbed is ‘'’“t “ f 
d\'<;e)iiey}(V Shmu type, o!)scrvc<l by Shiga (JB08) in cases . A 
dtscntcry ’in Japan Subsequently workers in diilcrcnt parts of 
confinncd Sliiga’s observations (Knisc and otliers) : J Xo 

diflering from the Sliiga type >n “twi" Hf S L her «c?-nise<i that 
described (Flevner. and Hiss and RuskH). ’* 

epidemics of dysentery occurnng from time to time >" , L of 

due to .bis group, and .bat the caTcd '■ 

acute enteritis in infants and children— the 5° bacillary dysenltiy 

Important contributions were made to the , j„„/proportioas 

during the war of I91t-I8. when tins «'!<>'»“" “^^Xn jMropicS aS tub- 
among troops, especially in described Since 

tropical areas , and new types of dysentery t.„„^vledge of the poof 
then still further evtensions have been made t , . tbese organ- 

of dysentery bacilli The evidence lor the ^ta in the early 

isins consists cliieny in tlieir constant Sd strains by the 

stage of tlie Illness and in the “^6''"'"“".®" ”' „n,e from aniroa. 

serum of patients, but oonbrmoioty 

experiments While different biological types of B. “>« ^ fairly »ell- 

thev all present certain common ®’'“'?®ters differences in let' 

defined gralip The differentiation of '>■!*" ''J'mcal characters. 
ment.Ttion and biochemical reactions and m g> 


B. dvsenterm:, SHIGA f j 

B. BYSENTERIffi, FLEXNER TYPE (SI//GEILA I A 

These constitute the classical members of ^2" cally resemWe ^ 

Microscopic Characters. The baciUi 
typlioid bacilhis but differ from it m Ka(;jllary form f 

they sometimes show a tendency to tly ordinary dyes, an 

Thpv are stained readily b> tne oiu 


S;r^S:i“’X?lSdrradi.ybytheordinary< ^ 

'^TuTriraranacrnns Conditions (-^^^^^ 01 - tW 
the typhoid bacillus On "“‘"ent agar the ^ Tflm 

of the typhoid bacillus, bemg be observed inlfb jjj 

those of the iS, roll Rough ’ colony v^^tsma}^ d core 


cultures, and sometimes a nSmer the rough variant 

(Fletcher). There is still some doubt whether the ro „ 


aiwlogo® 
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in antigenic characters to the rough \’ariants of the Salmonella group , thus 
the antigenic change associated with this colonial variation seems to be of a 
specific -> group nature {vide infra), not the usual S->-R transformation 
In gelatin stab culture no liquefaction results On MacConkey’s and 
de%oxycholale-citrate medium the colonics are pale and colourless. In broth 
a uniform turbidity is produced. In htmits milk tlierc is developed at first 
a slight degree of acidity, which is followed, in the case of certain strains of 
dysentery bacilli, by a phase of increased alkalinity , no coagulation of the 
milk occurs. On potato the organism forms a transparent or whitish layer, 
which, however, in the course of a few da\^ assumes a dirty grey colour, 
with some discoloration of the jiotato at the margin of the growth. 

DiFFr.RCNTUTiON’ OF SniGA AND Flexnhr Tyi'cs. As lias been 
indicated, the two types behave differentlj* In biochemical and serological 
reactions They both ierment gUict&e without gas production, and do not 
ferment lactose. In all fermentation reactions they arc non-gas-producing 
(rirfc Table, p. 302). The Shiga tj^ie has no action on saccharose, mannitol, 
maltose, or dukitol, and docs not produce indole in peptone water. The type 
originally described by Fle\ncr differs from the Shiga type in the fermenta- 
tion of mannitol and maltose, and in the production of indole. Saccharose 
fermentation by some strains of the Fle.xner type after laboratory cultivation 
has been recorded Hiss and Russell described strains similar to the Flexncr 
tjpe, but differing in the absence of maltose fermentation, and designated 
these the ‘ Y ' type. Thus the typical dysentery bacilli were differentiated 
into two main t>TDcs— the ‘ non-mannitol-fermentcrs ’ (Shiga) and the 
‘ mannitol-fermenters ’ (Flexner-Y), but strains of the latter are not homo- 
geneous either in biochemical reactions or in serological characters These 
mannitol-fermenting strains vary in the prcKluction of indole and the fer- 
nuntation of maltose. Indole production even in the same strain may be 
vaaable. It is customary now to designate all strains corresponding to the 


antiserum to the Flexner type {vtde infra) 

Serology of the Flexner Type. It was pointed out by Andrewes 
and Inman that the organisms of the Fle.xner type possess four different 
antigenic components designated V, \V, X, Z. one of which may predominate 

on this 
Y, and 
They 

regarded the Y race as presenting a mixture of the V, W, X, and Z components 
more evenly balanced than in the other races Thus an anti-Y serum has 
a wider agglutination range than sera for other strains Two sub-races 
VZ and WX were also described. 

More recent studies of the serological charactere of these organisms have 
thrown further light on their antigenic structure and inter-relations Accord- 
ing to Boyd strains normally possess a common or group antigen, but are 
differentiated into six types (or subtypes) each wth a distinctive specific 
antigen These include the V, W. and Z subtypes of Andrewes and Inman 
and three others corresponding to Boyd's strains ‘ 103 ', ‘ P119 and ‘ 88 ’ 


would explain its representative serolc^cal character. There is some doubt 
23 
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whether the X subtype of Andrewes and Inman is a distinctive variety, 
Boyd suggests it is a variant of Z. It may also be noted here that subtype VI 
(‘ 88 ’) IS serologically identical with the organism called the Newcastle 
dysentery bacillus, though it has the biochemical characters of the Flexner 
type. Boyd also found that certain dysentery' bacilli (isolated in India) 
though corresponding in biocliemical reactions to the Flexner tjTie differed 
from this organism in the absence of the common Flexner antigen and he 
recognised three such types \Wth distinctive serological characters corre- 
sponding to his strains ‘ 170 \ * P288 and ‘ Dl These have been desig- 
nated ‘ Boyd India ' types I, II, and III respectively, but whether they should 
be separated from the Flexner type is open to question. Wheeler has 
extended the number of subtypes of the Flexner organism to nine, and 
Weil and others, who group together Boyd’s subtypes of the Flexner organism 
and those designated ‘ India have extended the total number of all such 
subtypes to fourteen Boyd has also recognised additional types of the 
serological subgroup to which he assigned the types originally named 
‘ India ’ ; and expenence of bacillary dysentery during the Ute war has 
further shown that all these types have a wide geographical distnbution 
Thus, the dysentery bacilli with the cultural reactions of the Flexner tj-pe 
show a marked degree of heterogeneity in their antigenic constitution and arc 
also subject to antigenic variation The Shiga type on the other hand is 
definitely homogeneous in this respect. It is of interest that antisera for the 
Shiga type may agglutinate some strains of the Flexner type. Some strains 
of the Flexner type possess Salmonella group antigens. 

The characters of the various other types of dysentery bacilH are dealt 
with later (p 357) l * v, •,! 

Viability In general the dysentery bacilli correspond to the typhoi 
bacillus in their viability Cultures are killed at 55* C. within an 
stools kept at ordinary' temperature the organisms do not 
twenty -four hours and may die in seven or eight hours. Culture whic a 
been dried and exposed to light die in six to twenty-four hours The 
of survival in water, as in the case of the typhoid bacillus, depends on \ 
factors, including the degree of pollution of the water ; thus, in a ^ 
polluted water dysentery bacilli maynot surxive longer than forty-eig 

Relation to the Disease. Dysentery bacilli have been loan 
numbers m the dejecta, especially in the early stage of the illness, '' j^pjv 
may be present in almost pure culture. They do not, as a rule, 
or tend to invade the general circulation, though some cases o 
have been recorded In the later stages they may be relative > s 
stools Apparently the organisms become progressively s 
during the illness, and as they diminish, certain other -g bacillu' 

bacteria appear in considerable numbers in the stool, e g- • o alkeh'- 

and allied organisms, paracolon bacilli (vide Table, p- 3o2), J these 

genes, B protens, enterococcus, etc WTien complete ^ , ,pj.jacto«e 

give place to the usual coliform flora MacConkeys , gtooF, hot 
medium has in the past been extensively used for lactose) 

recently deso.xycholate-citrate agar (also containing -pj,fonn bscilh 

has replaced the former in vurtue of its capacity to in i ^ jcal fonns 
while allowing the dysentery organisms to grow freely. ^ojonies "hich 
of B dyseutence are non-Iactose-fermenters, the colour 

develop are selected for investigation. ^ ,,r in from one tost'- 

In the severe and acute cases where death may ^ the mueoU’ 

days, the chief changes are a marked sxvelling and „hrane at 

membrane of the colon, with hiemorrhage and pseu o- 
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There is extensive coagulation-necrosis with fibrinous exudation and abund- 
ance of polymorphonuclear leucoc 3 des, and the structure of the mucous 
membrane, as well as that of the musculans mucosa;, js often lost in the exuda- 
tion. Sometimes ulceration occurs ; and there is also great thickening of the 
submucosa, with infiltration of leucocj’tes, these being chiefly plasma cells. 
In the more chronic forms the changes correspond, but are more of a prolifera- 
tive character. The mucous membrane is granular, and superficial areas are 
devoid of epithelium, while ulceration and pseudo-membrane are present in 
varying degree In the stools the presence of a large number of markedly 
degenerate polymorphonuclear leucocytes (along ivith macrophages and red 
corpuscles), in the absence of Eniamaba histolytica, points to bacillary 
d>.=;enter 3 ’ ; and in this waj’ a tentative diagnosis maj’ be made bj' simple 
microscopic examination of the stool pending the fuller bactenological 
investigation of the case 

Sources and Modes o! Infection. Bacillary dysentery' is similar to enteric 
fever as regards its mode of spread The source of infection is the intestinal 
e.xcrcta of active cases of dysentery and of apparently healthy carriers of the 
organisms. Carriers include both convalescents and also persons w ho present 
no history of a dysentenc or diarrhoeal illness, though, of course, the latter 
tj’pe of carrier is less frequent than the former. In e.xamining earners it must 
be remembered that the excretion of the organisms may be intermittent. 
Dj'senterj' bacilli may be distributed bj' contaminated water or foods and the 
house-fly. and also by personal contact and mediate contact Spread of the 
disease is the product of insanitary conditions 

Pathogenic Properties. Generally it is impossible to produce an> effect 
on laboratory animals by infection per os Shiga, however, obtained cliarac- 
" ■ ' ’ ' hofjoungcats 

Such attempts 

, ^ janism has been 

previously exalted by intrapcfitoncal pas.sage. The dysentery bacilli if 
recently isolated exhibit marked pathogenic effects when introduced intra- 
\enously in mbbits, a minute amount of culture being sufficient to produce a 
lethal result The organism and its toxic products show marked entero- 
tropism, and inflammatory changes occur in the mucosa of the small and 
large intestine, frequently with extensive lia^morrhages The bacilli can be 
recovered from the contents of the intestine, where thej’ ina\ be present m 
large numbers These results mayalso be protluced bysiibciitancous injection 


lucilliis jirodutcs a toxin which can l>c sejMrated from fluid cultures 
b> liltration While tins toxin resembles the cxotoxms in its specialised 
action and its abilitv’ to incite the formation of a sjiccilic antitoxin. Us pres- 
ence in such filtrates is due to autolvsis of the bacterial cells followang their 
death in tlie culture (Okcll and Bl.ikc) llic results of most olisorvcrs show 
that the I'lcxner strains do not j»nKluce a similar toxin In this connection it 
i> noteworthv that in general the Shiga strains, .-is contrasted with tlie other 
\arictio, are assoiiated with the most severe clinical form of the iliseasc 
1 he toxin of the Shiga tvjx.* is cMrcmcIy active in animals, ospcci.allv rabbits, 
.and. however intrrxluceil into the IwHly, may imMliirc a lixmorrhngic entcntis 
wTth often a iKcudo-nu rnbr.vmms cxudite on the surface of the murovi The 
tovin in rabbits atul mice .acts also on the nervous svstem with j>r<><hiction of 
mnsitilar ji.ir.ilv'is According to Kauai the cffixt is on the meilnlla and 
spin i! < I'ril 
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According to Boivin ei al„ two separate toxins can be distinguished, which 
differ both in chemical constitution and biological action— («) a thermostable 
glyco-Hpoid enterotoxin which acts on the intestine of mice ; this represents 
the endotoxin and 0 antigen, and is a class of compound present in various 
Gram-negative bacilli (owing to its low toxicity, howe%’er, it is doubtful if it 
should be considered as a specific enterotoxin— Steabben) ; (b) a protein 
neurotoxin, which is thermolabile at 75® C. and causes paralysis in mice ; its 
properties are similar to those of exotoxins. According to Morgan and. 
Partridge the former component also contains a protein, while the lipoid 
(phospholipin) is unessential. Tlie so-called neurotoxin produces enterotoxic 
as well as neurotoxic action, t.g in the rabbit ; accordingly, it may be termed 
neuro-enterotoxin ' 


Immunity. Both large and small animals have been immunised against 
the dysentery bacilli and also against toxic filtrates. In the former case the 
immunisation has been commenced either with non-lethal doses of Imng 
cultures, or with cultures killed by heat. The nature of the immunity is 
probably complex. \\'hen cultures have been used, a bactericidal serum is 
developed in which immune-bodies and complement {vide Chapter HI) are 
concerned When toxin alone is used for immunisation, an antito.xic serum 
IS produced According to some results, animals immunised with cultures are 
immune against the toxin, and vice versa. According to Steabben an anti- 
serum developed by injection into rabbits of a killed vaccine of smooth Shiga 
cultures protects mice against infection with the living smooth organisins 
(although not against a single lethal dose of the killed bacilli). Such an anti- 
serum docs not protect against inoculation with a Jiving rough strain nen 
m neuro-enterotoxin but lacking smooth antigen, whereas an antiserora 
developed by a vaccine of the rough strain is an effective prophylactic in this 
case. The results indicate that an antiserum to be of value for ^ 

as well as prophylactic purposes in man should contain both antitoxic a 


antibacterial antibodies. . 

Antisera prepared by immunising large animals against the 
'bacilli have been extensively applied in the treatment of acute cases ) 
valent sera have generally been used. Shiga onginally reported ia\o 
regarding the therapeutic value of a polyx'alent serum used in ^ 
numbers of cases. The active principles of such sera were both an i ® 
antibactenal While reports as to their practical value have , *" . 
ably, it may be said that in the severe cases, particularly those u 
Shiga type, if sufficiently large doses are given [eg. -f’ .-ejsarj’, 

under the Therapeutic Substances Regulations) and repeate | . jjbe 

favourable results are obtained. In the most acute cases the se 


given intravenously . .,nnliratiofl 

Prophylactic vaccination A difficulty attendmg the 
vaccines is the extremely toxic effect exert^ by killed using 

subcutaneously even in relatively small doses Shiga obvia ® t'arious 

a sensitised vaccine and this method was followed by ° indud- 

other methods have recently been adopted for m^uyiug pr^l 

ing the use of purified glycodipcud anti^^n method has 

administration of dysentery vaccines according to Besre . jiflicult)’ 
also been applied and successful results claimed. A serologK^^^ 

in the application of vaccines is, of course, the jbeen so 

types in the dysentery group. Vaedne prophylaxis has ^ j^s practice' 
sively applied as to allow of conclusions being draum reg 
value. the of * 

Bacteriophage Therapy. D'Herelle has advoca 
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dysentery bacteriophage in the treatment of the disease, and others have re- 
ported favourably on the results of this form of therapy. Its value, however, 
IS doubtful (see Fletcher and Kanagarayer; Riding, Boyd and Portnoy). 

OTHER TYPES OF DYSENTERY BACILLI 

During the war of 1914-18. bacillary dysentery was extensively investi- 
gated, and w hile the classical types of bacilli formed a large proportion of the 
strains isolated from cases, ‘atj-pica! ’ varieties were constantly met with. 
These were a prominent feature of dysentery in the Near East and were found 
in large numbers in the stools in early cases, the classical tj'pes being absent 
All such varieties presented characters m common with the recognised 
dysentery bacilli — being non-motile, Gram-negative bacilli, non-gelatm- 
liquefjing, non-gas-producing, fermenting glucose, but varjing in the fer- 
mentation of saccharose, mannitol, dulcitol, and lactose, and the production 
of indole. The dysentery bacilli now designated ‘ Boyd India ' types {^ide 
supra), Schmitz type, B. alkalescens, B. dispar, and ‘ para-Shiga type ’ {vide 
infra) correspond to certain biological typies reported by Mackie m Egypt 
dunng the war of 1914-18. The various types were proved when recentl}’ 
isolated to be extremely virulent on intravenous injection of rabbits, pro- 
ducing a characteristic hamorrhagic ententis similar to that resulting from 
inoculation with the classical strains. As regards the illness due to these 
organisms, the majority of cases were of the milder types, though severe 
conditions were not infrequently met with in which 'atypical' organisms 
were present in large numbers in the early stage 

In recent years further attention has been paid to certain types of dysen- 
tery bacilli which differ from the classical forms and some of these have been 
found responsible for a proportion of cases of dj-sentery m vanous parts of the 
world 

Sonne Type (Shigella sonnet). A type of organism biologically and sero- 
logicallj distinct from the Fle.xner type was recognised by Thjotta and 
Sonne as a dysentery-producing organism in Norway, Sweden, and Denmark. 
This organism is similar to Flexner strains and ferments mannitol, but late 
fermentation of saccharose and lactose occurs Indole is not formed. Slow 
acid formation wnth clotting may occur in milk. Some strains ferment xylose 


Salmonella group Change from S to R occurs with great rapidity in cultures , 
thus, on MacConkey’s medium, colonics ivith an othennse smooth margin 
often show a projection at one part — * bursting bomb ' appearance It should 
be noted tliat colonies when they first appear on MacConkei 's medium are 
colourless though they may redden later In some cases red papilla; develop 
from the colonics, analogous to those of B colt mutabilis [p 320) Cases and 
outbreaks due to this t>q»e have been dcscnbcil in vanous countnes. It h-is 
been pointed out that the Sonne type is more resistant to adverse cMcmal 
influences than the classical tjpes, sur\wng longer in excreta and in water 
Strains form a homogeneous t)pc and can be identified by their serological 
reactions with a specific antiserum Two major antigenic comjioncnts have 
been identified . some strains Jack one of these 

Bacillus dispar [Shigella ceylonemti) differs from the Flexner tjpc in 
us fermentation of lactO'C and saccharose, these sugars often being fer- 
mented slowlj It occasionally fennents dulcitol Indole is formed, and 
milk Is slowh acidilied and clotted It can be differentiated from the Sonne 
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type by positive methyl-icd reaction and fermentation of sorbitol 
Strains are serologically heterogeneous. Some observers have questioned the 
pathogenicity of this organism. It seems probable, however, that B iispar 
is etiologically associated wth dysenteric conditions which are generally less 
severe than tliose due to the typical dysentery bacilli. 

Bacillus alkalescens {ShigtUa alkalescent). This organism resembles the 
Flexner type, but differs in fermenting dulcitol (after one to five days) and 
m the niarfced alkalinity it produces in milk. Xylose, rhamnose, and glycerol 
are also fermented and some strains have been described as fermenting 
saccharose. Indole is produced. The colonies ha\’e an irregular margin, a 
raised centre, and radial markings. Strains are serologically not completely 
homogeneous and, though differentiated from Shiga and FJe.\ner strains by 
agglutination reactions, they share antigenic components with these types 
(see Nabarro and Edward). This organism shows the same pathogenicity 
to animals under experimental conditions as the Flexner type ; but there 
has been some controversy whether B. alkalescent is a true dysenteo'- 
producing organism. In general the evidence indicates that it should be 

^ ’ ; thy that it has also been found 

s apart from the intestine. 

' •” ■ ••.* » *i atnbigua). This type is uow 

well recognised as a dysentery-producing organism, though it is relatively 
infrequent in cases and outbreaks as compared wth the classical tj pes and 
the Sonne t^^pe. It presents in cultural and biochemical reactions a similanty 
to the Shiga type, but clearly differs from the latter in its production of indole 
and in serological characters, though an antiserum for the Shiga type way 
give some degree of agglutination with the Schmitz type and vice versa 
Serologically the Schmitz type is homogeneous ; two antigenic 
hav'e been identified, but one of these may be lost on ^ 

cultivation of the organism. Strains vary' in their to.vicity and thoi^h so 
are higlijy to.xic, they do not equal the to.vicity of the Shiga ^ 
case of the Shiga organism, a thermolabile neurotoxm is produced oy s 
strains (Buchwald). , . of 

Newcastle Type. This organism was onginally reported in ou ‘ 
dysentery by Clayton and Warren and is now recognised as a 
member of the dysentery group. It has the general characters o » 
and when grown in the ordinary sugar media may appear to e | 
producing. It was originally pointed out. however, that ii ^ jhe 

used as a basis for the media gas production occurs ; ana m t » 
organism would present a distinct difference from other 
group. It seems likely that the character of the peptone Iioh-- 

in determining gas production (Ewing and Taylor). 
ever, may often not amount to more than a ' bubble m a lactose. 

Glucose and maltose are fermented and usually’ dulcitoJ, L,facfers 
saccharose, or, as a rule, mannitol. (Strains presenting jowc- 

the Newcastle type but differing m the fermentation of man produced, 

times been desenbed as the 'Manchester type.') . “ 

Serologically the Newcastle tyqie is homogeneous and is simi 
■\'I subty’pe (corresponding to Boyd's strain ' 88 ) str^ns 

Para-Shiga Type. This designation has _b«n given to ^ Schwd* 
in bioci ' ■ ' ' Sucb 


strains ' . j.„u , 

they hav’e been reported in recent years strains 

to be dysentery’-producing organisms. A large number 


1 
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India and Egypt have been described by Sachs and classified into eight sero- 
logical subtypes He has also arranged them m four groups according to the 
fermentation of arabinose and the production of indole. Two of the groups 
are identical in biochemical reactions with thc-^hlga and Schmitz types 
respectively, but are not agglutinated by antisera for these organisms. 


Organisms associated with Infantile Diarrhcea. 

AND Morgan’s Bacillus 

The etiology of this condition, so prevalent in infants and children in the 
warmer seasons of the jear, has attracted considerable attention from the 
bacteriological standpoint. The condition, however, cannot be regarded as 
due to a single specific agent. Certain of the more severe cases occurring in 
this country and in other temperate climates are found on investigation to be 
due to the dysentery bacilli, mostly of the Flexner or Sonne type, though the 


application of the term. Some cases and outbreaks are due to members of the 
Salmonella group 

An investigation of the disease in Britain was made in 190C by .^forgan, 
who found no evidence of the association of dysentery bacilli with the 
condition In 63 per cent of the cases investigated, how'ever. he isohted 
from the stools and intestine a type of organism now generally designated 
■ Morgan’s No 1 bacillus ’ {Salmonella or Profens tnorgam), which is a motile 
Gram-negative bacillus with the general characters of the coh-typhoid group 
and possessing characteristic fermentative reactions It produces acid and 
usually slight gas m glucose, but has no effect on lactose, saccharose, mannitol, 
maltose, or dulcitol ; it produces indole , gelatin is not liquefied. Growing at 
37° C Morgan’s bacillus produces discrete colonies, but at 20* to 28° C. on 1 
per cent agar it yields a spreading tjTie of growth like that of B. protens 
Strains are serologically heterogeneous, with group-specific H antigens and 
lypc-spccific 0 antigens A relationship with B proltits through its H anti- 
genic structure has been demonstrated Some strains produce a hremolysin 
for sheep’s blood Some are stated to jield late fermentation of saccharose. 
Though Morgan's bacillus docs not liquefy gelatin, in view of its other 
characters systematists have, recently classified it with the Prolens group 
.\s mentioned, it shows relationships also %nth the coli-typhoid group. 
Morgan's bacillus causes diarrhoea and death in young rabbits, rats, and 
monkeys, when these animals are fed on cultures, and produces also a fatal 
infection on mtraperitoneal injection of mice 

Morgan also found that in diarrhoea cases, the lactose-fennentcrs, so 
characteristic of normal f.x’ces, are relatncly less numerous and tend to be 
replaced by non-lactosc-fcrmenting tjqxs In simple diarrha'al conditions, 
.ipart from clinical dysentery, vanous non-lactose-fermentmg Gram-negativ e 
bacilli, e g Morgan's bacillths and similar types, paracolon bacilli, B /ircah^ 
alkaltgenes. B proteus, etc , may be met with in stools and are present 
often in very large numbers, almost replacing the usual coliform bacilli. 
nics.e organisms are also met with as concomit.ints of the dysentery 


tions tMpalilc of replacing the usual coliform flora The evidence collected on 
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this subject is highly suggestive, however, that certain of these organisms are 
pathogenic entities resjwnsiWe for diarrheeal conditions not only in young 
subjects, but also in adults. 

The further question arises whether in infants, and particularly during 
the neo-natal stage when natural resistance is little developed, organisms 
which form the normal flora of the intestine may act as causal agents of 
enteritis and diarrhoea, eg. the ordinary coliform bacilli, frccal streptococa, 
and anaerobes such as B. welchii. In this connection it is noteworthy that 
coliform bacilli may be actively patliogcnic in calves, as in the condition of 
‘ white-scours and one type of D. velcliii is the causal organism of lamb 
dysentery. It has been long recognised that diarrheeal conditions are more 
frequent in artificially fed infants in whose intestine coliform organisms are 
abundant, than in breast-fed infants in whom such organisms are relativelv 
less numerous. It has also been suggested that certain types of coliform 
bacilli possessing a high degree of virulence may be responsible (or oat- 
breaks of diarrhoea. The occurrence of such outbreaks in institutions would, 
of course, point to a specific pathogenic agent spread from person to person 
or derived from a common source. It is certainly significant that on 
bacteriological examination of many cases of inf.intile diarrheea no unusual 
organisms can be detected in the bowel or dejecta and the possibility that 
a virus is the responsible agent requires consideration, particularly when 
such cases occur in epidemic form. In some outbreaks of enteritis of the 
type described above adults as well as young subjects have been affected 
and signs of faucial infection have been noted; this also might suggest a 
virus origin (vide p 098) ; but at present no consistent evidence of the^’lTU» 
etiology of infantile diarrhoea is available. (Sec Bradley ; Reimann , Stuar , 
Christensen . Hargreaves). 

BACTERIOLOGICAL DIAGNOSIS OF BACILLARY DYSENIERY 

This consists essentially in the isolation of the dysentery bacillus 
intestinal dejecta and its identification by the methods, and accor mo 
the criteria, desenbed above. rHman' 

The stool should be as fresh as possible since when kept jgjnd 

conditions dysentery bacilli may not survive for more than a few ° 
arc overgrown by other intestinal organisms. The collection of 
referred to m the Appendix. If there is likely to be delay in the e\ 
of the specimen, it should be mixed with the glycerol-salme smutio 
under the diagnosis of enteric fever. In some cases a suitable sp 
diagnosis can be obtained by rectal swab and this is particuarj 
examining children. . vrn‘;cot)Jca)I>’ 

It is valuable in the first place to examine tixe specimen ^ 
by taking a loopful of any mucus present and emulsif>’ing i ^ 
saline solution on a slide, the preparation being then covere 
slip In bacillary dysentery there is usually a copious ce ^ ^ 

consisting of degenerate pol 5 qnorph leucocytes, and macrop » (fte 

case of clinical dysentery of unknown cause, this cellular ex jysenterj 
absence of amcebie) points to a bacillary infection v appearance to 

bacilli cannot be recognised microscopically, being similar 
the coliform organisms normally present ) „ „ nlite of desovydio'^'f 

Cultures are then made from the specimen on a plat gntenc 
citrate agar, as m the examination of stools from rinsed in sa'*'’® 

(Any piece of mucus present in the specimen f,. , medium which 
and then nibbed well on the medium.) The use o 
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IS inhibitory to coliform bacilli, allows a hea\' 5 ’ inoculation to be made on the 
plate (In the past MacConkey's medium has been much used for the same 
purpose, but has now been largely replaced by desoxycholate-citrate agar.) 
The colonies of dysentery baalh can be recognised by their colourless or pale 
appearance as compared with the red-coloured coliform colonies, but of 
course other non-lactose-fermenters maj’ also present pale colonies , it is 
therefore necessary to subculture at least three of the suspected colonies, 
including different types of such colonies if they vary in their naked-eye 
appearances Certain dysentery bacilli are lactose-fermenters, but this maj’ 
be a slow reaction, e g Sonne type, and the colonies seen on desoxycholate or 
MacConkey’s medium after twenty-four hours' incubation are still colourless 
The colony subcultures after growth are examined for the various char- 
acters of the dysentery bacilli as descnbcd earlier in this chapter, particular 
attention being paid to the absence of motility, biochemical reactions (in 
glucose, lactose, dulcitol, saccharose, and mannitol) and the production of 
indole, and according to these the type can generally be identified in a pre- 
liminary’ way , but this requires to be confirmed by agglutination reactions 
with specific antisera, e g. for the Shiga type, Flexner type (a polywalent anti- 
serum being used), Sonne type, and Schmitz type If it is considered neces- 


biochemical tests referred to above also serve for the identification of other 
non-lactose-fermenting organisms which may be met wth m dysenteric or 
diarrhceal cases, < g Morgan’s bacillus, paracolon bacilli, etc At post-mortem 
examination the base of a suspicious intestinal ulcer is scraped down to the 
muscle and the scrapings used to inoculate plates of desoxycholate-citratc 
medium 


delayed or completely absent during the illness Agglutination of the Shiga 
type in a titre of 1 in 50 is usually accepted as of diagnostic significance The 
Flexner type is more susceptible to normal serum and results with lower 
dilutions tlian 1 in 100 cannot be taken as indicating the presence of infection 
The serological heterogeneity of the Flexner type involves testing wath each 
subtype Agglutination of the Sonne tj'pe even in a dilution of 1 in 20 is 
regarded as significant The multiphoty of serological types, the weakness 
of the reaction, and in many cases the absence of a specific reaction renders 
the serological method of relatively little practical value, and in all cases the 
isolation of the infecting organism constitutes the most conclusive means of 
diagnosis 

BACILLUS PYOSEPTICUS EQUI {StIIGEU I \‘lSCnS4) 

This (ifKanism has bvs’n clas«>6tcl b\ siitne ssstnnatists in the ncnus Shieella, hut 
probabh its true aflinitirs are with the pmumobacillus It has been found in equine 
purulent nephritis and in ' jmnt ill nf foals and has al»i* hten rciKirtcd in pja'init of 
pi^s It IS a Gram-necativo non motile pleomorphic bacillus, which tn lesions mav bi 
capsulaic and ociurs in masses or threads It grrms acrobicalU on ordinary medii 
.snd the colonies are oftin of a mmoul t\pe while in broth it fields a slims dcpc'sit 
It lerncnts gluiose lattose saccharose and mannitol with acid but no pas production 
It dcH-s not produce indole .and d<Ks not liquefs fzslatin The methsl red and \og,-5. 
Proskaucr reactions arc ncgatise and «.itrat< is not utiiiseil Pathneenicits has not 
hern deinonstratMl in Hborafors ammils 
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■ Strains from castro-totentis may be -f 

* Monophasic t5T>e (Kunzendort) produces 

3 I rom Mallose acid (but no gas) may be fomed or there may be no Change 

* Tested by growing in nutrient agir containing 0 O') pec cent basic lead acetate , blackening of the medium 
indicates HjS production 

t Tested in Koser's Diediuin 


Biochemical reactions of certain SeimeneBa types not included in the table c; 
lollows by comparison villi B enliriliJis 

(1) Similar : AberJetn, analum, i)u6hia (but lermentatim o( xylose, atabinos 

Neirport, Oranienburg. StnftrnitTt, •Stanley ISmfttnberf sar Knreasrl 

(2) Similar, but some strains do not lermeat dnlcliol, sykne, arabinose, o 

variable : abortus out 

(3) Similar, but tome strains ferment Inodtol : Ckttler, £iisrbi>urnr, ilonUviJto, Rtadmg (fermen 
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horse serum agar (Bhatnagar). - The bacilli do not form spores, and are 
non-motile. They stain readily with the basic aniline stains, and are 
Gram-negative. 

Cultural Characters. From the affected glands, etc., the bacillus 
can readily be cultivated aerobically on the ordinary media. It is also a 
facultative anaerobe It grows well at the temperature of the body, though 
the optimum temperature of freshly isolated strains is lower, about 27“ C.. 
and grou’th occurs even at 14® C. In general the organism grows rather slowly 
in primary cultures. Attention has been drawn to the sensitiveness of B. 
peshs to atmosphenc oxygen and the difficulty of initiating growth when onh 
a small number of organisms are inoculated on plates of culture medium ; 
this difficulty is obviated if blood or sodium sulphite (0-025 per cent ) is added 
or if air is excluded (Schiitze and Hassanein). Wright has pointed out that 
the organism may be killed by exposure to more than I per cent, of oxygen 
at a temperature of 37“ C. On agar and on seruvt media the colonies are 
whitish circular disks of somewhat transparent appearance, and inth a 
smooth, shining surface. When examined with a lens, their borders appear 
slightly’ wavy. After several days' incubation the colonies become larger, 
reaching 3 to 4 mm. in diameter, and develop a raised opaque centre with a 
thin transparent border. Growths sometimes have a viscous consistence 
When agar cultures are kept at room temperature some of the colonies may 
show a luxuriant growth which is more opaque than the rest of the culture, 
the appearance, in fact, being often such as to suggest the presence of a mixed 
growth Individual colonies may thus vary considerably in character, but 
such variations do not as a rule constitute stable differences In stab 
cultures m gelatin, growth takes place along the wire track as a white line, 
composed of small spherical colonies. On the surface of the gelatin a thm, 
semi-transparent layer may form, which is usually restricted to the region of 
puncture, though sometimes it may’ spread to the wall of the tube Tjiere 
IS no liquefaction of the medium. In broth the growth usually forms a shghU> 
granular or powdery deposit at the foot and sides of the container, somewha 
resembling that of a streptococcus. If oil or melted butter is added to e 
broth so that drops floal on the surface, then a striking form of growth ma^. 
result, to which the term ‘ stalactite ' has been applied. This consists in 
growth starting from the under surface of the fat globules and extenflmg 
doivnwards in the form of pendulous, stnng-like masses. These , 

exceedingly delicate, and readily break off on the slightest shaking , . 

ingly during their formation the culture must be kept .jer 

This manner of groivth constitutes an important but not speci c c 
of the organism , it is not exhibited by all strains of the organis . 
vanes from time to time xvith the same strain. . . . 

Smooth and rough types of colonies have been differentiate , , ^ 

doubtful if these differences constitute a true S-)-R variation as 
bacterial groups , , fer- 

Biochemical Reactions. The plague bacillus has ^ 
mentative properties and gas is never produced ; with a num er 
able substances varying results have been recorded. Of from 

in differentiating B. peshs are the constant findings that it tor 
glucose, but not from lactose or saccharose. Other xylo*^ 

acid IS formed are lavulose, mannitol, arabinose, from 

(sometimes), rhamnose (sometimes) ; whereas acid is indole. The 

raffinose, sorbitol, or dulatol (usually'). It on a bik-sak 

methyl-red reaction is positive. Growth is not ^ (Topk)' 
medium. Nitrite is produced, and methylene blue is no 
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and W’llson). Hydrogen sulphide is not formed or only very slightly. The 
organism has no haimolytic properties. 

Viability. The organism in its powers of resistance corresponds with 
other spore-free bacilli, and is readdy killed by heat, an exposure for fifteen 


drying have gl^ en somewhat diverse results, but as a rule the organism has 
been found to be dead after being dned in air for one or tsvo days, though 


the animal body, but in dried flea fieces (vide infra) it has been found to persist 
for as long as five weeks. 

Toxin. As is the case with most organisms which extensively invade the 
tissues, the toxin in plague cultures is chiefly contained in the bodies of the 
bactena Injection of dead cultures m animals produces distinct toxic 
effects . post mortem, luemorrhage in the mucous membrane of the stomach, 
and areas of necrosis m the liver and at the site of inoculation, may be 
present The toxic substance is comparatively resistant to heat, being 
unaffected by exposure to 65® C for an hour. 

Pathological Effects and Distribution of Bacilli. The disease occurs in 
different forms, the hubontc and the pulmonary being the best recognised , to 
these may be added the septicamic The most striking feature m the bubonic 
form IS the affection of the Ij-mphatic glands, whtcli undergo intense inflam- 
matory spelling, attended with haimorrhage, and generally ending in a 
greater or less degree of necrotic softening if the patient lives long enough 
The connective tissue around the glands is similarly affected The bubo is 
thus usually formed by a collection of enlarged glands fused by the inflam- 
matory swelling True suppuration is rare Usually one group of glands is 
affected first, constituting the primary bubo — in the great majority the 
inguinal or the axillary glands — and afterwarils other groups may become 
invoked, though to a much less extent Along with these changes there is 


large numbers m the swollen glands, being often so numerous that a film 


disorganisation of the gland has occurred, they become irregularly mi.xcd 
with the cellular elements Later still they gradually disappear, and w'hcn 
nccro-^is is well advanced it may l)e impossible to find any — a point of impor- 
tance in connection with diagnosis In the spleen they may be \er) numerous 
or tlie\ mav be sc-anty, according to the amount of blood infection which has 
occurred , in tlic secondary lesions mentioned they arc often abundant In 
the pulmiiitary form the lesion is the well-recogniscd ‘ plague pneumonia . 
This is of tironcho-pnciimonic tj'pc, though large areas m.iv be formctl bv 
(onlluencc of the consolidated patches, and the infiammatorv process is 
UbualU attended bj much ba^mor^hage , the bronchial glands show inflam- 
matorv swelling Clinically there is usiialh a fairk abundant frotliv sputum 
often tinted with blood, and m it the b-icilli mav be found in large numbers 
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Sometimes, however, cough and expectoration may be absent The tliseaif 
m this form IS almost invariably fatal ; it is also extremely infectio.lj ln“ 
sephcatmc form proper there is no primary bubo discoverable thon"li there 
15 almost always slight pneral enlaigement of lymphatic glands ; here' also 
the disease is of specially grave character. A bubonic case may hoiiever 
terminate lyith septicamia , in fact, all intermediate forms occm. la the 
various forms of the disease the bacilli occur also in the blood in which thev 
may be occasionally found during life by microscopic examination, chie/Iv? 
howexer, just before death m very severe and rapidly fatal cases The 

examination of the blood by rn -,1 ,, 

reliable procedure. ~It may I 
that the bacillus may be isoU 



number will necesprily vary m different epidemics The Advnsory Committee 
appointed by the Secretary of State for India m 1905. found that m some 
septicamic cases the bacilli may be present in the blood in large numbers w 
or even three, days before death, though this is exceptional. . 

The above types of the disease are usually classified ” u ^tprm 

heading pestis major, but there also occur milder forms to which ^ 

pestis minor is applied. In the latter there may be a moderate degrw 
swelling of a group of glands, attended with some pjrexia an 
malaise, or there may be little more than slight discomfort. Be 
and the graver types, cases of all degrees of severity are met 'niu. 
recovered cases small numbers of the badlH may remain alive ana 
m I^ph glands for many months. . , various 

Experimental Inoculation. Guinea-pigs, mice, rats, rabbits. , • 
other rodents are susceptible to inoculation, the first being on the ' 
suitable for experimental purposes. After subcutaneous injecno 
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established by the work o£ the Advisory Committee referred to above ]j 
had prev'iously been sfiown that when fleas were ailowed to feed on animaU 
suffering from plague, plague bacilli might be found for some time afterwards 
in the stomach, and some obsen'crs, /or CArampfe Simond, fiad succeeded in 
transmitting the disease to other animals by means of the infected insects 
Most observers, however, had obtained negative results, but the Committee 
showed by carefully planned experiments that the disease could be transmitUfd 
from a plague rat to a healthy rat^ kept in adjacent cages, when fleas were 
present ; whereas this did not occur when means %vere taken to prevent the 
access of fleas, though the facilities for aerial infection were the same. The 
disease could also be produced by fleas removed from plague rats and trans- 
ferred directly to healthy animals, success having been obtained in fully 
50 per cent, of experiments of this kind. When plague-infected guinea-pigs 
were placed among healthy guinea-pigs, comparatively few of the latter 
acquired the disease if fleas were absent or scanty ; ivhereas all of them might 
die oi plague when fleas were numerous. This result demonstrated the com- 
paratn'ely small part played by direct contact, even when of a close character 
Important results were also obtained with regard to the mode of infection in 
houses where there had been cases of plague It M as found possible to produce 
the disease in susceptible animals by means of fleas taken from rats in these 
houses. When animals svere placed in plague houses and efficiently protected 
froni fleas they remained healthy ; whereas they acquired the disease wliea 
the cages were free to the access of fleas in the neighbourhood 


The foflo'Ajng are some obthc experiments which nere conducted A stnes of six 
huts were built which onfy differed m the structure of their roofs Jn two thefoofsHei^ 
made of ordinary native tiles in which rats freely lodge ; in two others, fiat tiles wef« 
used in which rats live, but in which they have not such facilities for movement as in 
the first set, and in the third pair the roof was formed of corrugated iron, l/nder the too 
in each case was placed a w ire diaphragm which prevented rats or their droppings 
access to the hut, but which would not prevent fleas falling down on to the floor o 
hut The huts were left a sufficient tune to become infested with rats, anti . 

floor jn each case healthy guinea-pigs mixed with guinea-pigs artificially infected 
plague were allowed to run about together In the first two sets of huts to whic 
had access the healthy gumea-pigs contracted plague, while in the third set 
unaffected, though they were freely liable to contaromatjon by contact ‘ . 

and excreta of the diseased animals But when accidentally fleav obtained atoi . 
the third set of huts then infection of the uninociilated animals commcnc . » ^ 

expenments were also performed In one case healthy cuinea-pigs 

■ e cage were susp^n'^^ 
o infection tooli pla'^^ 
ich contained 

iitaj, two cages were placed, each containing a monkey One cage was 
a rone of sticky material broader than the jump of a flea, *’ inonkev 

protection The monkey in the former cage remained unaffected, bu ^ 
contracted plague 

In a]j these e.xperiments the common rat-flea of 
cfieopts — was the vector, but it was proved that this flea also m 
bites t/ie human subject. In addition to X. c/ieopis certain ^ 'V 
of rat-fleas may also transmit the infection to man. e.g. -V of 

All observations show tliat not only is plague transferable natural 
fleas, but that this is practically the only method . eating 

conditions, with the exception that rats may become m bacUh- 
the carcases of other animals containing laige numbers is 

It js improbable from the experiments made that u 
transmitted by direct contact even tvben of a close 
been shown that plague-infected guinea-pigs may suckle tbei > 
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the latter acquiring the disease. Other experiments showed that when 
plague bacilli were placed on the floors of houses, they died in a compara- 
tively short period of time. After forty-eight hours it was not found possible 
to reproduce plague by inoculation with material from floors which had 
been grossly contaminated with cultures of the bacillus. 

The , r ' ' • ' value 

with reg , that 

plague 1 s, and 

with regard to this some further facts may be given Plague in Bombay 
occurs in two chief species of rats, the Ratlus ratlus, the black house-rat, and 
Rattiis norvegicits (decumamts), the common brown rat of the sewers The 
former, owing to its presence in dwelhng-houses, is chiefly responsible for the 
transmission of the disease to man . while the latter, on account of the large 
number of fleas which infest it, is of special importance in maintaining the 
disease from season to season. The year may be divided into two portions — 
an epuootic season, from December to May inclusive, and a non-epizootic, 
from June to November During the latter period there are few cases of 
plague in rats on account of fleas being scanty . especially is this so in the 
case of Rattus ratlus. In fact, ift certain villages where this species alone is 
present, the disease may actually die out at the end of the epizootic season, 
and accordingly when plague reappears in these places this is due to a fresh 
importation — a fact of great practical importance A fresh epizootic first 
affects chiefly Rattus norvegtcus, and a little later spreads to Ratlus rattus, 
while later still the disease attacks the human subject in the epidemic 
form , in each case fleas are the vectors of transmission, and an interval of 
from ten to fourteen days intervenes between the outbreak of the epizootic 
and that of the epidemic The proportion of cases of plague in Rattus 
iionegtcus is much higher than in Rattus rattus, for the reason mentioned It 
has been shown that a large proportion of the fleas removed from plague- 
infected rats contain plague baalll, and that the fleas may remain infective 
for a considerable number of days, sometimes for a fortnight 

After a flea has sucked infected blood from an animal the bacilli multiply 
in the stomach and proventnculus. so that the latter structure becomes more 
or less blocked by the growth of baalli When this insect bites a new host 
the suction of blood, ownng to the blockage, is followed by regurgitation 
of blood into the bite puncture along ^vlth bacilli which have been growing in 
the oesophagus and proventriculus or the stomach. In this way a heavy 
inoculation results (Bacot and Martin), 


dise.i'^e to animals by means of fleas is more frequently successful at lower 
temperatures, and it has been slioivn that a temperature about 50° F. and an 
atmospheric humidity approaching saturation constitute the most favourable 
conditions for the surMval of the organisms in the insect Though plague 
bacilli mav survive m fleas for some weeks the infectivity of the insect is 
usually limited to se\ cn to fourteen days 

.\s regards the dying out of epidemics, some interesting facts were brought 
forward by Liston He and his co-workers showed that rats taken from diflcr- 
ent towns vary greatly in their susceptibility to inoculation with plague 
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regard to their young. The diminution of pJague amongst rats, and thus the 
subsidence of an epidemic, accordingly depends on the IdlJing-off of the more 
susceptible animals 

Enzootic and epizootic plague may occur in other wld rodent animals, e.g 
ground-squirrels, ^vood rats, and white-tailed prairie ‘ dogs ’ in the rtestem 
United States, gerbilles and multimammate mice in South Africa, the tara- 
bagan or Siberian marmot m Manchuria, spermophiles and field-mice in south- 
west Russia ; in these animals transmission fakes place by various species of 
fleas and possibly in some cases by lice and ticks. The infection in such wild 
rodents sometimes gives rise to human cases or outbreaks— the so-called 
‘ sylvatic plague '. 

Plague pneumonia appears to occur first of all as a complication in a 
bubonic case, and there is no eWdence that the bacilli differ in virulence in 
the two conditions. In epidemic pneumonic plague, from a consideration of 
the anatomical changes and the clinical facts, the disease may be said to be 
spread from person to person and to be produced by the direct p^age of the 
bacilli into the respiratory passages by inhalation. The 'secretion droplets 
sprayed into the air by infected persons in the act of coughing carrj* the 
plague bacilli. Accordingly a case of plague pneumonia may be of great 
infectivaty in producing other cases of plague pneumonia. It has been shown 
‘that droplet infection is effective within a range of three feet between persons 
(Wu Lien Teh). Pneumonic plague prevails in the winter season when the 
weather is cold and W'et with resulting overcrowding m ill-ventilated insani- 
tary dwellings It has also been found that plague bacilli die quickly in a dry 
atmosphere, whereas they survive best under conditions of cold and hig 
humidity /Teague and Barber) Small epidemics of plague pneumoma O^K 
out from time to time , for e.vamplc, in lOI 1 an extensive epidemic oc 
m Manchuria leading to 50,000 deaths in six months. In this epidemic 
infection from patient to patient was clearly shoum. It may be ® . 
that accidental pneumonic plague has occurred among laboratory ' 
through inhalation of infective material or cultures (see -(.rvain 

Immunity. By the injection of dead cultures in suitable 
degree of immunity against the living virulent bacilli is obtame , a ' :-g]s 
shown by Yersin, Calmette and Borrel, the serum of such facts 

confers a degree of protection on small animals such as mice. . t be 

the principles of preventive inoculation and serum treatment, pr Ngyg 
described, depend It may also Tnpntioned that the fiUra ^ _ 

culture possesses a very slight tc • . j 

Sion found that the injection of ' '■ 

effect The whole blood of animals immune to B. ^ pf normal 

much greater number of the orgsnisms in vitro than the pjasma 

animals. This increased activity is due to Sf^cific the sub* 

(or serum). Also, in immune animals the bacilli when in a 

cutaneous tissue are fixed to a great extent at the site o ^ appears to 
manner not shown by susceptible animals This fl.xation rea and 

be independent of lymphatic blockage or deposition of nbnn ( 

Meyer) Kmie vaccine has 

Preventive vaccination HalTkine’s method of F drops of od 

been extensiv’cly used. Cultures are made in flasks of bro ^ digesting 
on the surface (’" TnHio Mofft-tn** ^mnlnved a medium prepa 
goat's flesh with ■ d 

caustic soda). ' , , 

flasks are shaken every few days so as to break up the 25° 

fresh crops. The flasks are kept at a temperature o 
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growth is allowed to proceed for about six weeks. Sterilisation has usually 
been ejected by exposing the contents of the flasks to 55® C. for a quarter of 
an hour (vtde infra ) ; thereafter phenol is added in the proportion of 0-5 per 
cent The contents are well shaken to diffuse thoroughly the sediment m 
the fluid, and are then distributed in small sterilised bottles for use The 
vaccine thus contains both the dead bodies of the bacilh and any toxins 
which may be in solution It is administered by subcutaneous injection 
usually in a single dose of 4 c c The method has been systematically tested 
by inoculating a certain proportion of the inhabitants of districts exposed 
to infection, leaving others uninoculated, and then obser\dng the proportion 
of cases of disease and the mortality among the two classes The results of 
inoculation have been distinctly satisfactory'. For although absolute protec- 
tion is not afforded by inoculation, both the proportion of cases of plague and 
the percentage mortality among these cases have been considerably smaller 
m the inoculated as compared with the unmoculated. Protection is not 
established till some days after inoculation, and lasts for a considerable 
number of weeks, possibly for several months (Bannerman). In the Punjab 
during the season 1902-3 the case incidence among the inoculated was 1-8 
per cent , among the unmoculated 7*7 percent . while the case mortality was 
23-9 and CO 1 per cent respectively m the two classes, the statistics being 
taken from villages where 10 per cent, of the population and upwards had 
been inoculated According to statistics more recently collated by Taylor m 
India, vaccination with Haffkinc's prophylactic yields roughly a fourfold 
protection against attacks and an eightfold protection against death 

Plague vaccines have also been prepared from cultures on solid medium 
m accordance with the general methods used for vaccine preparation Im- 
munisation experiments m animals have indicated, however, that the use of 
living non-virulont cultures as vaccine produces a higher degree of immunity 
than results from injecting killed organisms. This type of vaccine has been 
applied with success in the Dutch East Indies (Vogel) , but since it loses its 
properties on keeping, this presents difhcuUies of distribution, especially 
in a large country According to Bhatnagar effective immunisation is 
protluced only by those non-\irulent strains which develop well defined 
capsular material when growing at 37® C Sokhey and Maunce pointed out 
the importance of using a fully virulent strain in preparing the Haffkine 
vaccine. They showed that the original practice of killing the organisms 
at CO® to 70® C injures the immunising properties of the vaccine, and an 
exposure at 55® C. for fifteen minutes is preferable The final prcjiaration 
was standardised by protection tests in white mice , and apparently such 
a hcat-killcd vaccine from a virulent strain was more effective in these 
animal tests than a vaccine consisting of a non-virulcnl living culture, but 
the latter finding has not been generally confirmed 

Serological reactions Specific agglutinins may apjicar m the blood of 
patients suffering from plague, as also they do m the case of animals immun- 
ised against tlic plague bacillus It is to be noted, however, that m clinical 
cases the reaction is not invariably present, the potency ol the scrum is not 
of high order, and the carrjing out of the test is complicated by the natural 
tendenev of the bacilh to cohere in clumps The usual macroscopic method 
IS u«cd '■ ’ ■■■ *’ • * * ‘ » 

by bre 

tion. ■ ■ .... 

natant 

the Gennan Plague Commission and the ob^erv ations of Cairns, made during 
the Gla<gow epidemic, it ma\ l»c said that the reaction is Ix'st obtained with 
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dilutions of theserumof from lin 10 to linOO. Caims found that the date of its 
appearance is about a week after the onset of illness, and that it usuafh- 
increases till about the end of the sixth week, thereafter fading off. It is most 
marked in severe cases characterised by an early and favourable crisis, less 
marked in s'e\’ere cases ultimately pro\’ing fatal, while in very mild cases it is 
feeble or may be absent. The method, if carefuUj’ applied, may be of ser\nce 
under certain conditions ; but it will be seen that its use as a means of 
diagnosis is restricted The use of high-titre agglutinating antisera obtained 
from horses is of value for identifying cultures of B. pestts ; there is. houei er, 
group agglutinating action also on B. psendoiubercuhsis rodentmn {vik 
infra) 

Aniigeuic structure. If has been shown by Schutze that the plague 
bacillus possesses two types of antigen. One of these, which is thermolabile at 
100’’ C., is contained in the en\'elope or - - - • . , 

the body of the organism, is thermosta 

to Schiitze, is only fullj' formed when the organism i!» growing at i>i aim 
cultures grown at lower temperatures, e g. 25° C., as in the Haffkine vaccine, 
may lack this antigen. Schutze has pointed out that vaccines prepared from 
cultures groivn at the higher temperature possess greater immunising proper- 
ties in virtue of the envelope antigen which they contain, and his work offers 
a criticism of the standard method which has been used for preparing the 
plague vaccine in India He has also correlated the protective value of anti* 
plague sera with their content of antibody for the envelope antigen. As 
mentioned above, this antigen is sensitive to heat and its preservation in a 
heat'Stenhsed vaccine requires careful consideration. Heating at IW C. fw 
fifteen minutes may render the vaccine useless ; the antigen is also damaged 
by heating at 70° C. Thirty minutes' exposure at 56° C. before addition oi 
phenol does not. however, affect the immunising properties of the 
In further studies of the antigens of the plague bacillus, Schutze found tria 
while prophylaxis by a heat-killed vaccine in the rat depends on the 
antigen, in the mouse this constituent has a less marked effect. In net 
.inimal were vaccines from virulent cultures more potent than 
organisms if the cultures were killed, and likeirise no difference in , 

apparent between smooth and rough strains. He observed no , 

difference between virulent and axunilent strains or between j n 

rough variants No essential antigenic differences exist among ‘ 

psstts. The antigenic relationships of B. pestis to other members 
Pasieurella group will be dealt m‘th later. 

Anti'Plagiie sera Of these, two have been used as therapeutic agents, 
of Vcrsin and that of Lustig Yerstn's serum »as prepared by injec ions baciDi 
doses of plague bacilli into a horse In the early stages of «ere 

%\erc injected subcutaneously, thereafter into the veins, and, finally, ,n,ectionshave 
injected intravenously Of this serum 10 to 20 c c have been used, J injecting a 
usually been repeated on subsequent days Lustig’s scrum was P^^P‘ bodies of 

horse with repeated and increasing doses of a substance derived ro obtained 

plague bacilli, probably in great part nncleo-protein Masses ol gt ^ j tent 
from the surface of agar cultures, and were broken up and 

solution of caustic potash The solution wasthm made slightly acid y ) poreso. ® 

\vben a bulky precipitate formed ; this was collected on a filttr ^ injected 

weighed amount was dissolved in a weak solution of carbonate ols tjjpfli can ^ 

Extensive observations with both of these sera ^ow thaV neithet /avourabk 

sidered a powerful remedy in cases of plague, though in conclusion ' 

results have been recorded The Indian Commission came to th^ 

the whole, a certain amount of advantage accrued to the paticfi >_ jt may aW 

injected with Versm's scrum and of those injected with Lustig /a'curahl)’ 

be mentioned that the Commission found that Yersiu’s senirO m 
course oS the esperimentai disease m animals, whereas Lustig s se 
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By imniunising cattle with a Mrulent strain of H. pfslts a hiRhly potent antiserum, as 
judged by experimental tests, was obtained by N'aidu. 1'. 1’ Mackio and Bnst I’lne 
and Grasset ha\c found that serum produced by immunisation with living avirutent 
organisms is more potent in animal protection tests than that obtaineil with dead cul- 
tures. and Girard has claimed a fairly high percentaRe of successful results with such 
scrum in the treatment of human plague 

Bacterioloidcfil Diagnosis. WTicrc a bubo is present a little of the ’ juice ' 
may be obtained by puncture and aspiration tuith a stcnlc lupodemuc 
svnngo. The fluid is then e\ainincd microscopically, and cultures on 
agar and blood agar should be made l>y the successive stroke method The 
morphological, cultural, and biochemical characters arc in\c»tigatcd The 
pathogenic properties should also be studied, the guinea-pig being on the w hole 
most suitable for sul>cutancous inoculation. According to Sokhey, however, 
the white mouse is the most susceptible animal and the most uniform in its 
behaviour, the sulicutanous injection of even fen bacilli from a virulent 


1 

glands The organism may l« obtained in culture frotn the McmxI in a con- 
sKlcrablc pro|X)rtion of cases b\ withdrawing a few- cubic centimetres and 
proceeding m the usual m.anner On the occurrence nf the first sii'jH’Ctcd 
lasc, every care to exclude {xissihility of doubt sltould be n«ed UTorc a 
positive opinion is guen 

In a rase of suspected plague pneumonia, in addition to microscopic 
examination of the sputum, the al>ovc cultural methods and animal inwula- 
turn mill the sputum shouhl l>e carried out , smearing the nasal imicons 
mcmhrnne or a frcshl) shaved area ol skin of a guinca-jng may l)c ri*com- 
meniled Here a jxisitixc diagnosis should not l>cattemptc<l hv mtcroscopu 
cx.imination alone, csjiecwlh in a plagne-frec district, as bacilli morjiho- 
logtcally rc'cmhhng the plague organism may occur in the sputum m oilier 
ronditions 

Recofmition of Flacue Infection In Rats and other WUd Rodents. Tliis is 
of great importance m pl.iguc prevention In the autojisv of a rat siivjHcied 
to lx.’ the suhjev t of an ariilo mfectum with ft larcful nttcntinu is first 

juid to the various groups nf Ivinph glancU. p.-irljcularlv those nf the nrik 
which are most freijiientlv .ifTecteil Ihc glands diow m.arked cnl.irgemenl 
witli surrounding adcm.i and often li.imorrhages. and pl.igiie binlh can 
almost alw.ivs lx* demonstrated in Miiears from llic tissue The liver shows 
often a rharaitcnsiu mottlmg ilue to vcllow nerrotu areas, and effusion into 
the plcur.i is imlcsl There is fri'ipirnth ni-irked rnngestion of the stib- 
lulaneous vessels, ufteii with b.inu»rrhagos. aiul the spleen is longested and 
eiilargeil In an animil rerenth dead the plague huilh mu l>c ihmon 
strated in the spl<Mj anil htari bl*wKl It otlrn h.tpjx-ns, however, tint car 
eases eif rats fewind eli-.id arnl rr<|«inng examimtum for pligue infeition are 
eiei-eitn|><»seel. .uid it in iv l>e iinj«>ssil>le |e» deinemvtrate the bie dli mii reesreiju 
e.illv and isedate them hv the tisij.il imlluxU «»! vulture The evutf lue of the 
in ft rtion in »v s.)ini tini' s Iw e staMisheil m sin h case s hv inoriil iltng a shuetl 
anel scarified are i ol skin in a viiine.i pig witli initrri »1 from the lesions Tl.*- 
I'l igi'c hat till ilivath- the ti'siies .inel jTnebue a tv peal phgnr infretMti AH 
the . hir.irtrfs e.f a snsj.jrnnis orgim'm must mvestigur*! suite n-.rfith 
i*>>l itr>5 sir. nils o! e oil form hirtlh on sulHUtaneous im« id itit-n n gtnri'-a pig« 
or ratsinu eaiise li-si..{i« e l.jsclv n-sf-ruhhngtlioM-dnr to /f /'n.'ie (l./vinlhvlj 
•end in rats e-l her «>»i* miens mu hue a 'I't.du a'-tioti It sj.o'd J 
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reported. The associated clinical conditions have been varied, e.g. puerperal 
fever, gastro-enteritis following handling of infected fowls, appendicitis, 
empyema, meningitis after fracture of the skull, local or blood infection 
following the bite of various animals (cat, dog, rabbit, panther) ; in certain 
of these last-mentioned the condition has been complicated by osteomyelitis 
or cellulitis with adenitis (see Regamey;. Ludlam ; Alliott ei a!}.' The 
occurrence of such organisms in the upper air passages of certain animals 
would explain infection following bites, though they are not usually found in 
dogs. In some of the reported human cases it has not been possible to trace 
the infection to an animal source. 

Bacillus pseitdotiiberciilosis rodentium has also been reported in a feiv 
human cases. In a fatal case recorded by Topping et al. in California, the 
condition was an acute febrile disease with super\’ening jaundice and the 
liver ^05/ morteyn was found to be studded m'th small necrotic foci. 



CHAPTER XVII 


THE ORGANISMS OF UNDULANT FEVER AND EPIZOOTIC 
ABORTION (BRUCELLA GROUP) 

UsDULANT fever is of common occurrence along the shores of the Mediter- 
ranean and in its islands, and in this region has been generally designated 
Malta fever Although from its symptomatology and pathological anatomj 
it was recognised as a distinct affection, and was described under various 
names, its precise etiology was unknown till the publication of the researches 
of Bruce in 1887. From the spleen of patients dead of the disease he cul- 


1904 its mode of spread was fully studied by a Commission, whose work de- 
monstrated that goat's milk is the chief source of infection The disease also 
occurs in India. China, South Africa, and in some parts of North and South 
America, its distribution being much wader than was ongmally supposed 
"The duration of the disease is usually long— often two or three months, 
though shorter and much longer periods are met with. Its course is verj 
vanable, the fever being of the continued type with irregular remissions In 
” •’ ' ' ' • profuse perspiration, 

anally orchitis, while 
yis low — about 2 per 

cent (Bruce) In fatal cases the most staking post-mortem change is in the 
spleen This organ is enlarged, often weighing slightly over a pound, and m 
a ■ ' ‘ ind 

th ' ' the 

cl ion 

e' . . O' 


■ *' • may ako bo due 

, abortion of cattle 

and certain other domestic animals, which is closely related to B. nirlitensts 
Human infections by U abortus have a wide geographical distnbution 
corrcsixinding with that of the infection in animals. 


BACnXtrS MEUTENSIS (BRUCELLA MELITE.\SIS) 

Micnoscopic CuAUACTi.Hs This organism is gencralK ohscricd in 
the tissues, c g the spleen, as a roundctl, o\al. or cocco-l>acilIar\ structure 
alxjut 0 { It in diameter It usually occurs singl\ or m pairs, but in cultures 
short chains are also met with (Fig t'S) The coccal form of the org.anism 
originally led to its l>cing designated a micrococcus In culture, howescr, its 
lnciHar> character is more olnious, and nxl-shajictl forms alxiut (• «’> to !•.'> 
in length mas be obsersed It stains fairly rcndilv with the ordinan liasic 
aniline stains In Gram's mcthotl it reacts negatnely It is non-motilc 
tui-Ti'KAL CilAiMCTllis Growth occurs under aerobic conditions on 
ordinary media, but for isolation and routine cultuation, Incr-vifusion agar 
gues tJic l>cst results The optimum tenijwrature is 37’ C . but growth occurs 
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to svhat has been described in the case of enteric fever. The reaction appears 
comparatively early, often about the fifth day. and may be present for a 
considerable time after recovery' — sometimes for more than a year The 
serum of apparently normal persons may agglutinate B. melxUnth in low 
dilution, eg. 1 in 25 and sometimes I in 60. In the disease, howev’er, the 
agglutination reaction usually occurs vvith much higher dilutions, e.g. 1 in 
500, or over. 

Strains are serologically homogeneous and all react to a specific anti- 
serum, but S-^R variation may occur in culture, the R variant being in- 
agglutinable by an antiserum for the S tj'pe. Strains of the rough type have 
sometimes been designated ‘ B. pam-meliUnsis The serological characters 
of the Brucella group as a whole are considered later. 

Prophylactic Vaccinalion. The 1904 Commission loand that vaccination 
with dead cultures of the organism confers a certain degree of protection 
among those exposed to the disease. As a rule, two injections were given, 
200 to 300 million organisms being the dose of the first injection and about 
400 million the dose of the second. This prophylactic measure has not been 
sufficiently investigated to warrant any definite conclusions as to its efficacy, 
and studies of practical immunisation against B. abortus have sho^vn that 
dead cultures are not effective antigens. Vaccines have also been used in 
the treatment of the disease, but the results have not been such as to establish 
their value. . . 

Bacteriological Diagnosis. During life the readiest means of diagnosis is 
supplied by the agglutination test {vide supra). 

Cultures may sometimes be obtained from the blood by the usual methods 
Cultures are most casil)' obtained from the spleen either during life V 
puncture or post mortem. Plates of hverrinfusion agar are inoculated, an 
incubated aerobically at 37® C. Film preparations may also be 
the spleen pulp and stained ivitb carbol-thionin and by Gram s melho 
the identification of the organism agglutination by an antiserum to a 'RO' 
strain would supply confirmatory proof. Details of the differentiation 
mehtensts from other Brucella group organisms are given later. 

Great care must be e.xerciscd in working ivith cultures of B. me / . 

bactenologists have become infected from such sources in an unusu > 
proportion of instances 


BACILLUS ABORTUS ^ 

BRUCELLA ABORTUS and BRUCELLA SUlt> 

Bacillus abortus presents close biological similarity to B. 
important in human medicine on account of its frequent subject, 

milk, and the possibility of its causing undulant fever in t ® bo^^ns 

The organism was first described by Bang in 1897 as t t . -jj^tjonand 
infectious abortion. The infection has a wide rvrgsent time m 

has been long prevalent in milch cows, among which at (o cattle, 

this country it is exceedingly common. The infection is no rnammab^'' 
but has been found occasionally in horses, dogs, and certai infection 

ani'”'’’* it'^'in/Uno' wiirt rnts on farms and also in iovf» oja \'ariety 

occ itly named 

of ssical t)'p^ 

Brucella stns, the specific name abortus being appuy -- , a&orWJ 

of bovine origin. While closely related to B. dealt 

it shows distinct differences The features of this org 
later. 
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all, pleomorphic, non-motile, Gram- 
to 1*5 n in length and 0 3 to 0 8 /< 
B mehtensis Longer forms up to 
3 /t may sometimes be observed on a rich medium From material in which 
the organism is likely to be present m a state of purity, e g the heart blood 
of the fcetus, it may be cultivated, accordmg to Bang’s original method, m 
the form of a shake-culture in a tube of serum agar. In primary growth the 
colonies develop after inoculation in a zone about 10 to 20 millimetres beloiv 
the surface of the medium. This behaviour has been taken as evidence 
that the organism is micro-aerophilic ; Wilson and others have shown, 
however, that gr< ' ' ‘ 

that of the air. 

culture in an atir ^ ^ , i 

the presence of 5 to 10 per cent of this gas along with 20 per cent, oxygen 
appears to afford the optimum atmosphere for cultivation of most strains of 
B abortus Growth occurs in sealed tubes, apparently because carbon dioxide 
IS given off by the organisms and by vanous culture media and its retention 
in the tube favours growth (Wilson) The explanation of the characteristic 
zonal growth, which has been descnbed above, seems to be that in a tube of 
medium in which a shake-culture has been made any carbon dioxide produced 
near the surface is lost and growth does not occur, while m the depth of the 
medium anaerobic conditions restrain growth, but where both carbon dioxide 
and oxygen are at a suitable partial pressure (» e in the zone descnbed 
above), growth' results It is unknown how carbon dioxide influences growth, 
but the effect is not apparently due to change in the hydrogen-ion concen- 
tration of the medium After continued cultivation the organism can be 
grown under aerobic conditions The colonies are small transparent disks 
resembling those of B mehtensts. On potato it produces a brownish or 
chocolate-coloured growth similar to that of B mehtensis It has no obvious 
fermentative action on carbohydrates 

That B abortus is responsible for bovine abortion has been proved by 
experimental infection in pregnant cows, f g by injection of cultures into 
the vagina or by feeding Intravenous injection m pregnant rabbits and 
guinea-pigs may lead to abortion in these animals Parenteral injection of 
cultures of B abortus produces an active but non-fatal infection m guinea- 
pigs associated with necrotic lesions in lymph glands, spleen, and Iner 
The infection in cattle is usually associated with little general effects The 
development of the fcetus is arrested, and there may be inflammation of the 
fcEtal membranes The organism may persist in the genital organs for some 
time after the abortion , it localises in the udder and is discharged in the 
milk for a varying period, so that the animal becomes a carrier of the infec- 
tion The agglutination reaction of the serum with known cultures is applied 
in the recognition of infected animals, and even low titres, e g 1 in 20, are 
regarded as significant Specific agglutinins are also demonstrable in the 
whey of the animal's milk and it has been pointed out that a titre of I in 80 
or o\er is strong evidence of udder infection 

Differentiation of B melitensis, B abortus, and Br suis B 
mehtensis and Brucella suis (the porcine tjipe of B abortus) do not exhibit the 
carbon dioxide requirement for growth of B abortus and can grow under 
ordmarv aerobic conditions B mchUnsts does not produce hydrogen 
sulphide in a medium containing organic sulphur, whereas the other types 
form this gas for the first four days of growth (p. 384) The porcine type is 
the more active in this respect The selective action of the dyes thionin and 
basic fiu'hsin, incorporated in plates of culture medium, has also been utilised 
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for diffcrcntialing- the llirce types (Huddicson). The follow ine table sam- 
manses the differences ; 
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MctJiyl violet (I 50 , (KK)) and pyronin (J : 100 , 000 ) jicld results similar 
to those with basic fuchsin. Hr. sin's strains occurring in Denmark differ 
from the Amcncan variety in failing to produce iitdrogen sulphtde and in 
being more susceptible to inhibition li}' dyes. 

Serological and antigenic characters of Brucella grouf>. As sho«n bj- £\ ans 
B. abortus and B. mehtensis arc so closely related serologically that they 
cannot be differentiated by direct agglutination. Quantitative agglutinm- 
absorption tests, however, enabled the two organisms to be separated, Tiie 
study of a number of strains showed that tJie majoritj’ of those of bonne and 
porcine ongin were serologically of the B. abortus tj’pe. One stmm olB. 
meliteusis type was also isolated from an aborted bonne foetus anot^ 
from a goat after abortion. ' B. para^abortus ’ strains have been desen 
which can be diiTercntiatcd from B. abortus by direct agglutination te> , 
and are analogous to ‘ B. “ These are 1 

of the typical forms The ' roughness ' of strains can be ascertained ) 
thermo-agglutination test, t e boiling in saline for two hbure 

The relationship of the different members of the Brucella ^ 

well represented in a study of their antigenic structure Tj^ g 

They haN’c postulated two main antigenic constituents (d and ^ 
abortus, A predominates quantitatiwly ; in B, ‘ ^ 

American porcine tj’pe is intermediate. A predominating bu 
degree than m the bovine variety. It seems likely from mr 
strains of these organisms that there are other intermedia e 
possibly characteristic of a particular locality, some classined as ■ 
others as B. abortus. Thus a Rhodesian type derived from ca ^ | 

as B. abortus has certain characters in which it rp jmbles ■ . ^.jj^jence 

ability to grow without carbon diosidc) and it is ap,>arent > o o 
to the human subject rhemical studies 

A considerable amount of attention has been n iccted 
of the constituents of the Brucella group organisr > m reW ' ^ not so 

genic and toxic properties, but chemical fraction tion 

' ' ■* Sibte 

"hereas 

success in producing immunity to infectious 

inoculation with attenuated Ihing cultures.^ Recentl} ^hichisdestf*^.'’^^ 

obtained from live cultures a water-soluble antige ^ ^ 

by antiseptics and by heat. The effective antigen is c 
substance. 
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Tiie toxin of the Brucella group is of the nature of an endotoxin and it 
also appears to be markedly thennotabile Toxicity can be demonstrated bj’ 
injecting large doses of culture into small animals and these may produce a 
lethal e/Tcct. 

Relationship to Undulanl Fever in Man. The occurrence of B abortus 
in undiilant fever (' abortus fe%'er ’) of the human subject is now well recog- 
nised and cases have been recorded in various countries including Great 
Britain The infection may occur in persons whose occupation bnngs them 
Vnto contact mth diseased animals, eg abattoir workers, farmers, etc , and 
the organism can readily invade the body through abraded skin, but many 
cases of ‘ abortus fever ’ arc undoubtedly doe to infection from cow’s milk, 
and it has been clearly shown that B abortus is present in a considerable pro- 
portion of samples of raw market milk It is. in fact, remarkable that the 
infection is not more prevalent in view of the occurrence of the organism in 
cow's milk. In this connection it may be noted that young subjects are 
relatively immune and m any case the average susceptibility of adults to the 
bovine strains must be comparatively low The illness vanes considerably m 
its general symptoms , most cases due to the bovine strains are mild, and a 
proportion may be ambulatory Thcf ever is undulant in type and is assona- 
ted with profuse night sweats and often pains m the joints Arihntis, 
orchitis, and other localised lesions may occur as complications In certain 
cases in which the disease has occurred in pregnant women abortion has 
resulted (Hasseltinc) Moralcs-Olero records experiments in which human 
volunteers became infected as the result of drinking milk, containing a strain 
of the organism, on repeated occasions, or inoculating an area of abraded skin 
once with the organism . positive results were got with B. meltitmis and 
with both bovine and porcine t> pcs of B abortus, by both routes m each case 
Certain accidental infections seem to have been contracted by inhalation 
Tlie diagnosis rests on the results of bactenologicaJ examination Sometimes 
the organism may be isolated by blood culture, but this method often gives 
negative results cicn m undoubted cases The agglutination rcac'iion with 
the patient’s scrum and known strains of B abortus generally oflers a reliable 
means of diagnosis, and the titrc is frequently high, eg 1 in 1,000 to I m 


.signs, and it iias been suggested from the results of agghifmatron tests with 
sera submitted to kiboralorics for other examinations, that over 1 jwr cent 
of the general community in this counlrj’ mav be infected 

Brucella s«is is also resixinsiblc for undulant feier in the human Mibjert, 
the infection being usually dcnvcil through contact with pigs or their r.iriases. 
as m the meat-packing industr)' in the Unitcil States, though it has l>cen 
shown that the organism mav sometimes lie transmitted to <lair\ cows 
ami then convejed to man by milk In America this org.imsm pnxhires 
a more severe illness than I) abortus and strains possess a higher virulence 
than the latter This, howcier. is not the case with strains occurring in 
Denmark. 

It would .iiij*car th.it of the \anous Uqtes of Brucella, B wWi/rniu ;><)■.- 
sesse-s the highest pathogenicity. B. abortus the least, while the Ameru.in 
Br siiis IS inlcrroediate between the other two The Dain>h strains »>f 
this t>|'c arc apparent!) less varulcnt even thin B al’orius Though some 
workers liavc drawn distinctions among these organisms as rrg.ird'S their 
(wthogenu ciTects in e\l>enmcntal animals it is doubtful if cvsemial difler 
encTs exKt 
25 
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Bacteriological Diagnosis. Growth in an atmosphere \vith 5 to 10 per cent 
of carbon dioxide added, prowdes the most convenient means of oSainin'^ 
primary cultures, e.g. horn the stomach contents of an infected calf • these 
should be kept at 37® C. for seventy'-tav hours or longer. The rwuired 
concentration of carbon dioxide to yield surface grouths in subcultures 
may be obtained by flaming the cotton-wool plug in the culture tube for 
two or three seconds, then pushing it in and fifteen seconds later closin? 
the tube wuth an indianibber stopper or sealing it (WiisonJ. Ulicn primary- 
cultures are required from material likely to contain other organisms, fg. 
from the genital passages of infected cows, cultivation presents difficultv and 
requires special methods. A liver-infusion agar (to ivhich may be added 
crystal violet 1 : }— 200,000) has been found most suitable. For the demon- 
stration of abortus in milk, the inoculation of a guinea-pig may be resorted 
to. A male animal of 300 to 600 grms. weight is used (tc 


va.M u iiuXLu iiaeunonj. ihe animal is killed after si.x weeks and its serum 
tested for Bntcelia agglutinins , cultures are made from the urine and also 
by rubbing the cut surface of vanous organs (lung, liver, spleen, kidney, 
testes, and enlarged lymph glands) on the surface of plates of crystal violet 
livcr-infusion agar fn infected animals the spleen is enlarged even up to si' 
times the normxil size and is studded with nodules, c.vccpt m the most arolf 
condition The epididymis, or less often the body of the testis, show’, 
abscesses fn Br. sins (American typo) infections the lesions may reach a 
i>i«e of I to 2 cm Direct cultures may also be made from the cream vfWtb 
separates after specimens have been kept for twenty-four hours in the 
refrigerator (Huddleson et al.). 

The agglutination test in the diagnosis of the animal infection has bMO 
referred to earlier and also methods and criteria for the identification ol the 
different types of Brucella. 

In the diagnosis of undulant fever due to B. ahoHus the procedures app ' 
able to mfeciion by B meUtensis (9 v.) may be adopted. Blood cu tur^, 
howei'er, should be incubated in an .atmosphere containing 10 per cen . 
carbon dioxide Generally the agglutination test udth patient s scrum 
to establish the diagnosis, particularly a rising titre on repcatc =| 
A complement-fixation test ha.s also been used by 
satisfactory results, the claim being made that it is more scnsitne '' 
agglutination test Another sero-dtagnostic method is the j 

phagic ’ test (Huddlesaa el al., 1 933). This consists in rai-xmg ci ra ^ 
ivith a hea\-y suspension of B. aboriits and after thirty' 
making films, which are then suitably stained ; the nums^r o P , 
org-anisius ui twenty-five poly’morphonociear cells is counted an i 
cytic index determined, ie. the average number per ceJb 

over forty and the presence of otganisms in 40 to CO per often 

has been regarded as indicative of infection. This reaction, 
develops later than the agglutination reaction and, been 

specificity has been questioned- An allergic skm Tcaclion or 

applied m diagnostic work, preparations from cultures 0 ' ^neoudv* 

B. ciOorlits, ' Brucellin ' and ‘ Brucellergen arc rLUCtioa. -laJ 

This reaction gencrallj' develops later than the agglutma i . 
it is doubtful if It offers as satisfactory a diagnostic test as 
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THE INFLUENZA BACILLUS. BACILLUS PERTUSSIS. AND 
ALLIED ORGANISMS 




BACILLUS INFLUENZA (HJEMOPHILUS INFLUENZJE) 

The first accounts of the organism known as the influenza bacillus were 
published simultaneously by Pfeiffer, Kitasato, and Canon, in 1892 The 
two first-mentioned observers found it in the bronchial sputum, and obtained 
pure cultures, and Canon observed it in the blood in a few cases of the disease 
This organism, up to the tune of the influenza pandemic of 1918, was gener- 
ally accepted as the primary causal agent, although proof was wanting As 
a result of the 1918 pandemic, the etiology' of the disease was extensively 
re-studied, but opinions varied as to whether this organism represented the 
primary agent or only an associated and secondary infection However, 
recent work has indicated that the disease is pnmanh’ due to a filterable 
virus This subject will be discussed in Chapter XXX The pathogenic 
properties of the influenza bacillus and 
its relationship to the epidemic disease, 
will be dealt with in the present chapter 
Microscopic Characters The 
bacilli as seen in the sputum are very 
minute rods not usually exceeding I *5 /i 
m length and 0 3 in thickness .(Fig 
89) They are straight, with round<^ 
ends, and sometimes stain more deeply 
at the extremities The bacilb occur 
singly, m pairs, or form clumps by their 
aggregation They take up the basic 
aniline stains somewhat feebly, and are 
best stained by a weak solution (1 . 20 
to 1 200) of carbobfuchsm applied (or 
five to ten minutes. They are Gram- 
negative, non-motile, and do not form 
spores According to Pittman the in- 
fluenza bacillus in its primary \irulcnt phase is capsulate, but as a rule 
strains which have been recently’ isolated fail to show a capsule. It must 
be recognised that the organism tends tow'ards pleomorphism, and some 
strains show’ elongated thread-like forms which may even be the pre- 
dominant morphological type. Certain strains may' also exhibit sphencal 
forms measuring 2 or 3 in diameter. Sometimes the filamentous forms 
show large globular or fusiform expansions. \Vliile strains recently isolated 
from influenza cases usually e.xhibit the short bacillary form, after artificial 
culture they tend to become atypical and to show’ morphological variation, 
which may be associated with changes in colony form, i e. the trans- 
formation from the S to R type {vide infra). In the early stages of the 
more acute cases with catarrhal complications of the respiratory’ system, 
influenza bacilli arc frequently present in large numbers and may be easily 
found On the other hand, it is often difficult or impossible to find tlicm 
even when the sy’mptoms are severe 




Fig 6*1 Film preparatioa of influeaza 
sputum, sbcnviQ" lafluenza bacilli aloas 
with leucocytes, x 1,000. 



the influenza bacillus 

requirement of certain Rrotvth fartnrc , 1 - media and its strict 

designation ' l.iemophilic?^^™L «■' 

One of the best media for Z ^ 

heated blood. Pfeiffer oririnall^used hW is agar containing 



Fip on. Colonies of influenza 
^ciUi on blood*agar nlate. 
(There are a few larger 
colonies of other organisms ) 
x6 


g-owH. is somewiiat rcstricte':!, tbe^rilnlnn.- be g‘rro7tr^ 
Growth occurs under aerobic conditions and only to a limited deVee a^: 

aerobically. The growth of the organism on 
blood-agar, incubated at 37* C , appears tvithin 
twcnty*four hours, in the form of minute 
circular colonies, about 0*5 mm. in diameter 
and almost transparent like droplets of dew 
(Fig. 90). On the second day they may attain 
a size of 1 to 1 -5 mm , but tend to remain 
discrete. The colonies do not show any special 
morphological features: but 'smooth’ and 
‘ rough ' types have been differentiated 
According to Pittman the S type consists of 
capsulate bacilli (nrfr su/>ra), the R type non- 
capsulate The S colonies are relatively large, 
slightly opaque, somewhat mucoid and irides- 
cent. The R colonies are smaller, more trans- 
lucent, with a rough granular surface and 
indented borders Growth is favoured by symbiosis : thus, in a mixed 
K noted that the growth of B. xnfiuenztB is more 

abundant in the neighbourhood of colonies of other organisms, t.g. staphylo- 
coccus , this has been designated ‘ satellitism '. In blood-broth cultures 
a tlun whitish deposit forms at the bottom of the container. 

Owing to its peculiar hmmophilic character B. influenza has been care- 
mlly studied as regards its requirements for growth in artificial culture. 
This organism will only flourish in the presence of two growth-promoting 
principles, which are present in blood (Davis). One of these, designated the 
X factor, IS a highly thermostable substance which remains unaltered ^pn 
after autoclaving {e.g. at 120* C.). This factor is hmmatin. It was at first 
supposed that hamatin acts as a peroxidase in catalysing oxidation by 
peroxides and so promotes the respiratory functions of the orgamsm 

... .ndtoser^-easanXfactormthou 

On the other hand, these posses 
■ n that under anaerobic condih® 

the organism can dispense with the X factor (Anderson) and the 
therefore arose whether the growth-promoting effect of this factor W 
depend on catalase action protecting the organism from peroxi e, ‘ . 
recent work has clarified the problem and shomi that hsmatin pro 
acts as a growth factor for the influenza bacillus by being utilised tor 
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phosphopyndme nucleotide (co-enzyme I or II) Thjotta has shown that 
the V factor is contained in cells, bacteria, yeasts, and vegetables, and m 
fact is wdely distributed in animal and plant tissues. It is synthesised by 
various bacteria, e g. staphylococa, and this explains the symbiotic relation- 
ship of B. infiiienza to other organisms [tide supra). 

Certain media have proved specially valuable for the isolation and growth 
of the bacillus. The so-called * chocolate ' ’ * > - - « - 

nutrient agar at a temperature of 90® C , 

Mijluenza, and cultures are somewhat moi 

on agar containing unaltered blood It has been supposed that the difference 
faetueen the altered and unaltered blood depends on the fact that the fresh 
blood deviates oxygen from the baullus in virtue of its greater oxygen affinity 
tFiides). Another medium particularly valuable for isolating the organism 



I'lo Ul. Film preparation 
from young culture of in* 
flueiua bacillut Stained 
with dilute earbol*fuch$m 
X 1,000 



Fjc <>2. Film preparation 
from older culture of iBflu 
eora WeiUu*, abowine In- 
>olution fonns x 1,000 


is agar with a peptic digest of blood added as recommended by Fildes , it has 
the advantage of being transparent as compared with ' chocolate ' agar, 
winch is opaque 

Some strains produce lurmolysis when growing on blood agar, and it has 
been noted that these show the atypical coarse bacillary and thread-hke 
forms referred to above . the colonics arc also more opaque than the common 
,r. .» Matty of the luemo- 

' in being mdepondent 

'• .’factor Strains witli 

similar growtli requirements, but lacking h®molytic power (sometimes 
designated ' para-influcnza bacilli '), have been isolated from ulcerative 
endocarditis 

Biocur-MicM Ur.scTiONS Fcrmentati\-e projx;rties are somewhat ir- 
regular glucose is generally fermented with acul production , lactose and 
mannitol are not acted on , galactose and l.'cvulose arc general!) fermented 
b\ the non-h.vmolytic strains, though less frequently by the ha;mol)tic 
organisms Saccharose fermentation is a more frequent projicrty of the 
harmohtic l\pe than the non-h.xmoKtic strains Tcrmcntation reactions 
ma\. however. \arv on continuecl cultixation Cultures of the influcnra 
bacillus exhibit reducing properties and nitrite is formed from nitrate 
ronsidcrablc projwrtioii of strains of tt j»y7iir«j<T have liccn found to 
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Svoup. iThas been noinr^'”®""® *° «*alXTs been 
capsuiate strains of^B • «““'• >>0"'ever. by Pittma„f “Tr “ 


thei;;“'“=% Sueh atmins orniS''^ f" t “Z 

heterogeneity referred'^^n®?®* ‘characters and shoiv"thr ™Sh'fomi 

Distribution in “hove. antigenic 

passages in influenza The a''® fo™d chiefly in th 

secretion cenereli, raay be present in i ™ “■* ” ‘h® respiratory 

hut It IS in®the "’“h a con^TraWe 

iheyareprese„t™!l,'"“®®®<>?«reen.shS "“'f ®^®a"hnp, 

They occur ir ‘ 

'ying free, r 

Proporton''h!'v'' !!)? '®“®“®y‘es,’rnd“OTvaM,7b^ he found in consi-derable 
of the position. Thev mit. ^ disease a large 

SpSal t ‘'■suPPeared S3 "'‘^ks after syr^ptom 

S a/io ‘“c® ®ase ivh3he~ ? 3 f " he detected in the spilum. 
raonia of inn numbers in the eanin?.f^[“”'°P!'hnonary disease. They 
parts t 1 Pfeiffer shou?/^ ^ bronchitis and catarrhal pneu- 

'vhich fill sections he found th^ sections of the affected 

cells bronchi and ale the Jeucocj-tes 

has efi superficial n^rfc betw-een the epithelial 

resnfr t''"” ® '"Crj’ earlv ct ^ *1.^^ mucous membrane. .^Iclnfosh 

coSr tract but absem from ff F^ ‘be badlii are present in the upper 
ine may be concemprf^ Other organisms also, slrepto- 

the Occasionally in th*» Pneumonic conditions follow- 

caL bacillus has bepn^f«. suppurative softening in the lung 

of empyema the oreanicm *** ^ practically pure condition Jn 

cocci and nr,,, ^ organisms present um„w u - • - • . 


^ses of empyema the orean,«m practically pure condition Jr 

, pneumococcus but appear to bt chiefly strepto- 

;^bilst in thegangrenous ' nnH- bacillus may also be present, 

has been found '^hich sometim s occur a great i-ariety 

i^feiffer’s observ’attnn,. 


*pfe‘ff^^^ has been found” '^hich sometim s occur a great i-ariety 

organism u-as very rarehr n" ^ casch, .'onvinced him that the 

ere must be looked unnn ‘be blood— th it in fact its occurrence 

''e, on the u’hnJa ®^eepfionaI. The cone usions of other obseners 

l,-,,,,!!,,,- mit'KA nrA^pnl 


----- x-xz.uac oe looked unnn n ■ : Olooa— tlj it m fact its occurrence 

. on the whole confirm j^^cptmnal. Theconc nsions of other obseners 

m other lesions comnliratir,™ • ‘b^® s^^tement. Thf bacillus may be present 
pbc middle ear, and it hn? k Pfeiffer found it in inflammation of 

iuhl considered that in ♦», obsen’ed in menu gitis following influenza, 
one throTifTfi *u- . ^bese casts th^ n^tj, of ii-,ection is usually a direct 

He al‘0 found /os/ mortem, in a 
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rapidly fatal case with profound generalsymptoms, influenza bacilli in various 
organs, both within and outside the vessels In a few cases also the bacilli 
have been found in the brain and its membranes, with little tissue change in 
the parts around 

The frequent association of the onanism with epidemic influenza has 
been well established, but it is not mvanably present. Its occurrence is, 
moreover, specially related to the catarrhal complications. During the 1918 
pandemic, cases were met with in which the fever and general manifestations 
were exceedingly marked but unaccompanied by marked inflammatory 
involvement of the respiratory tract, and B. tnJiuenzcB was not detectable m 
the nose and throat secretions Even in cases with pulmonary complications, 
the organism could not be found constantly in the sputum when examined 
by the best methods Such observations led to the view that, contrary to 
previous belief, this organism is not the primary agent in epidemic influenza, 
though it was admitted that it represents a frequent concomitant infection 
and may be responsible, like streptococci and the pneumococcus, for pul- 
monary complications 

Extensive observations on the bacteriology of the respiratory system 
show that the influenza bacillus may be present in a great variety of condi- 
tions apart from epidemic influenza It has been obtained from the fauces, 
bronchi, and lungs m various inflammatory conditions, and also in specific 
fevers It is not infrequent in phthisis, in bronchiectatic cavities, and m 
chronic inflammation of the nasal sinuses. It maj' be present m pure culture 
m suppuration of a joint, especially in children This organism may also be 
recovered frequently from the nose and throat m quite healthy persons and 
has a place among the commensal flora of the respiratory passages. 

A hiemophihc organism has been not infrequently found m cases of acute 
primary meningitis occurring in young subjects, eg from two to three 
years of age In the cerebro-spinal fluid this organism may appear as 
somewhat elongated filaments, and it was originally thought to be of the 
nature of a leptothrix It H, however, indistinguishable from the influenza 
bacillus, and the filamentous form is not a constant character. This organism 
differs from the usual strains of B tnfiitenza m its higher Mrulcnce for 
laboratory animals (Rivers). 

Experimental Inoculation. Pfeiflcr, by injecting bring cultures of the 
organism into the lungs of monke>'S, in three cases produced a condition of 
fever of a remittent type There was, however, little evidence that the bacilli 
had undergone multiplication, the symptoms being apparently produced by 
tlieir toxins. He accordingly came to the conclusion that the influenza 
b.icillus contains toxic substances which can produce in animals some of the 
symptoms of the disease, but that animals arc not liable to infection, the 
bacilli not having the power of multiplying to any extent m their tissues 
Wollstcm distinguished x irulcnt and arirulent t>’pcs according to the result 
on intravenous injection i" *’•" ... 

alwut twenty- four hours, 
used, however, was comp: 

for a rabbit of 1,000 grms Strains from the rcspiratorj* tract viere non- 
vnrulcnt by this test . those from the blood and meninges, and rarely from 
pneumonic lung, were virulent It has been found that the virulence of the 
influenza b.'icillus m animal expenments can be enhanced by injecting 
cultures along with mucin, as is the case vvitli vanous other organisms, 
t s meningococcus. Wollstcm found that a fatal ccrcbro-spinal menin- 
gitis coulil l>e jiroduccd in monkeys by the subdural injection of virulent 
cultures Mcliitovh ckaimcd that B. in/fiirnrir procluccsa diffusible toxin, and 
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Jhat inoculation of animals, e.g. rabbits and guinea-pigs, vvith filtered cultures 
leads to pathological changes m the lung which show a close resemblance to 
those observed in man. This toxic substance is not to be regarded as a (rue 
exotoxin. Cecil and Steffen, by introducing virulent influenza bacilli into the 
throat and nose in the human subject, produced an acute catarrhal infection 
of the upper respiratory passages, which, howev'er, fell short of t}-pical 
influenza. 


Reviewing the extensive experimental work that has now been carried 
out with B. tnjiuema, we may say that conclusive proof of its primarr 
etiological relationship to the disease has not been obtained. On the other 
hand, the observed relationships of the organism to lesions in the lungj 
and elsewhere leave no room for doubt that it is possessed of pathogenic 
properties. 

The question of the virus etiology of influenza and the pathogenic associa- 
tion of a filterable virus and B tt^uema; is discussed in Chapter XXX 

Bacteriological Diagnosis, (a) Microscopic A portion of the greenish- 
yellow purulent material which often occurs in httlc round masses in the 
sputum should be selected, and film preparations should be made in the usual 
way. Films are best stained bj’ dilute carbol-fuchsin (1 20 to 1.200). 
staining being prolonged for five to ten minutes In sections of the tissues, 
such as the lungs, the bacilli are best observed, as shown by Pfeiher, by 
staining with the same solution as above for half an hour. The sections are 
then placed in alcohol containing a few drops of ncetk acid, in which they are 
dehydrated and slightly decolorised at the same time. They should be 
allowed to remain till they have a moderately light colour, the time 
according to their appearance. They are then washed in pure aiconol, 
cleared m xylol, and afterwards mounted. • w, • 

(6) Cultures A suitable portion of the greenish-j-ellow matenal na\ing 
been selected from the sputum, U should be washed well in several ® 
sterilised water A loopful should then be used to make successive slf® ^ 
the surface of blood agar plates. Heated-blood (' chocolate ') agar or i 
peptic blood digest agar are specially useful for isolating the organism 
plates should be incubated at 37® C , when the transparent colonies 
influenza bacillus will appear, usually within twenty-foim 
should fail to grow’ in subculture on ordinary agar media jj 

valuable as a selective bacteriostatic agent in isolating B. ^ 

inhibits the growth of the Gram-positive organisms present 
number in the sputum, ft is incorporated in the medium or spre 


surface (0 5 unit per c c. of medium) . , . . .pna! 

The requirement of the X and V factors pan be e.xtmct 

cultural tests in peptone water (I) phis hajmatin (X), (-) P > 
and (3) plus both h«matm and yeast e.xtract. 


ORGANISMS CLOSELY RELATED TO THE INFLUENZA BACULFS^^ 

Para-influenza Bacillus {Hamophtlus para-infitien:^) in- 

already been made to this organism. Strains diner fro -^.gyjn'ng 
fluenza bacillus in being independent of the X factor, ^ a few 

V factor ; they consistently ferment saccharose and , ‘j ufj,jer thn 

strains produce indole Hjemolytic strains have been 1 jn acute 

designation The para-influenza bacillus has been 

pharyngitis . strains have also been found in ulcerative y. j. ^fganisiu M 
Bacillus influenzee suis {HamophUus tnfiiuitzts-suis). v^th a 

been isolated from swrine influenza, but in this disease 1 i 
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filterable virus related to the vims of human mfluenza. It differs from 
the typical influenza bacillus only m its lack of fermentative properties 
and its inability to produce indole (Lewis and Shope) , but it is doubtful 
whether these negative features clearly differentiate it from B xnfiuenzce 
Bacillus baemoglohinophilus canis {Hamophtlus cants) was originally 


colonies on a blood medium tend to be larger and more opaque than those of 
the influenza bacillus and it also differs dearly from this organism in ferment- 
ing mannitol It ferments glucose and saccharose and produces indole. 
There is no evidence of its possessing pathogenic properties {An organism 
with the same requirements as regards the X and factors, but mth the 



Fig 03 Film preparation from a case 
of acute coQiunctuitis, ghOMine Koch* 
Weeks liacilh, chieflv contained uilhm 
a leucocyte (from a prepiration b> 
Dr Inglis Follock 1 xl,U0U 


Fic 91 Kocb'Weeks bacillus, from a 
youos culture on blood agar Stained 
\«itb dilute carbolduclisin. y 1 000 


additional requirement of carbon dioxide for its grou th has been described 
in endocarditis — Khairat ) 

Koch-Weeks Bacillus {Hamoplnlus conjuncttvtltdts) This organism has 
long been recognised as an important causal agent of acute contagious 
conjunctivitis It can readily be found m the muco-purulent secretion by 
staining films with dilute carbol-fuchsin and is often seen in the interior of 
leucocytes (Figs 93, 94) In all its biological characters it is indistinguish- 
able from the mfluenza bacillus, and its separate designation hardly seems' 
justifiable 

As regards their requirement of the X and V factors the mfluenza bacillus 
and closely related organisms may be classified as foUous 

li «>i/Mrnr<e (including Koch-Wceksbacillusand W iifluema suis) + 

If para-tnjluema- ~~ + 

I! hamoglobtnophilus cams + “ 


DUCREY’S BACILLUS OF SOFT SORE {ILBMOPIIILUS DUCREYI) 

The bacillus of \ cnetcal soft sore (clumcroid) was first described by Ducrcy 
in 18S9. who found it m the purulent discharge from the ulcerated surface , 
and later, in 1892, Unna dcscnlx'd its apjiearancc and distribution as seen in 
vcctions through tlic sores 



DUCREY'S bacillus 

of ou^ ^it i"/ 7^"*”!®.? associated buboes in a state 

P > . It has been found there by microscopic examination, and cultures 
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have also been obtained from this source. Sometimes the ordinary pj*ogenic 
organisms become superadded 

The bacillus in film preparations can readily be stained bj’inost 
ordinary d}’e solutions, thougli Loffler's methylene blue solution is preferable, 
as it does not overstain In sections, however, great care must be taken in 
the process of dehydration, and the aniline-xylol method should be use 
for this purpose, as alcohol decolorises the organism very readily. Duciey s 
bacillus reacts negatively in Grain’s method It is non-motile and non- 
sporing. 

In culture it shows appearances similar to those observed in the 
but occasionally long undivided filaments are observed 
paratively short penod cultures undergo marked involution and 
irregulanties of form and shape are to be found. tttnam 

Cultural Characters. The oiganism is an aerobe and the op 
temperature is about 35° C. Some writers ha%’e suggested that ihc orgai 
grows best under a reduced oxygen tension ; it has also been 
that growth is favoured by inaeased carbon dioxide in the 
as in sealed culture tubes, Ducrey's bacillus may be deMite \ 
with the Bcsmoplnlus group, as it has been shown to require ® 
though independent of the V factor. In this respect it resembles 
cants. A comparatively large amount of blood is needed for pnmarj 
* We are indebted talir. Cavis for the use of ^ 
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Bezan^on, Gnffon and Le Sourd obtained pure cultures on a medium 
consisting of rabbit’s blood and agar, in the proportion of one part of the 
former to two of the latter. The blood was added to the agar in the melted 
condition at 45° C., and the tubes were then sloped. Davis confirmed 
these results, and found that another good medium is freshly drawn human 
blood distributed in small tubes . this method is specially suitable, as the 


cultured on blood agar Cultures may be made by this method from the 
buboes, the inoculum being obtained by puncturing the enlarged gland with a 
syringe. On solid medium the growth appears in the form of very small round 
conve ’ > ■> t ' • . I • , 

diamc 
conflt 
A-' 
even 

traces of hiematin in nutrient broth serve as X factors for the growth of the 
organism. 

. Relations to the Disease, Experimental Inoculation, and Immunity Re- 
actions. Subcutaneous or intravenous inoculation of the ordinary laboratory 
animals is not attended by any result, but it has been found that some 
monkeys are susceptible, small ulcerations being produced by superficial 
inoculation, and in all these the organism can be demonstrated. Rabbits can 
also be inoculated mtradermally , an inflammatory indurated lesion results 
followed by necrosis , the lesion heals spontaneously (Feiner and Mortara) 
Tomasczewski cultivated the organism for several generations, and repro- 
duced the disease by inoculation of the human subject. The causal relation- 
ship of this bacillus must therefore be considered as completely established, 
and the conditions under which it grows show it to be a strict parasite under 
natural conditions— -a fact which is m conformity with the known data as to 
the transmission of the disease. A method of demonstrating the presence 
of the organisms where they are scanty consists in injecting pus or secretion 
from the patient mtracutancously into himself , after two or three days 
Ducrey’s bacillus can often be found m /he contents of the resulting lesion 
(Ravaut, Uabcau and Hesse) A cutaneous allergic reaction can be elicited 
in infected persons by intradermal injection of the killed organisms This 
reaction shows a high degree of specificity (Rcenstierna) Strains of the 
organism are agglutinated by specific antisera and this reaction may be 
applied for purposes of identification. 


BACILLUS PERTUSSIS {HJEMOPIIILUS PERTUSSIS) 

Whooping-cough is now in many countnes one of the most important 
epidemic diseases of childhood , in addition to causing a considerable 
death-rate, it also leads to serious impairment of resistance to other 
infections 

Up to the year 1900, the chief result of bacteriological obscrs-ations, of 
which those of Sjicnglcr. Jochmann and Krause, and Da\ns may be men- 
tioned, had been to demonstrate the wry frequent presence of minute 
liamophilic bacilli resembling the influenza bacillus in the sputum and also 
m the lesions m this disease. In that >xar. however, Bordet and Gengou 
published an account of another minute organism, designated liaallus 
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bacillus pertussis 

pertussis, and broufrht • t 

fo™ ' U™' •“dll' 'Vith a ScUeal?" I" ‘ll' 

same size as the influenza Sus 

the marein anH .-a stains rather 


aan-molile. and does “"“•““red spot , 

bac.II. present the sa.ne chametes and 4 1 .he 

the .nfliicnza bacllus (Fig. 97). They are snee’ 9“"* •’•“"’“'■pluc than 

mng of the disease, and they m.ij' be4un4r ^ "“nierous at the begin- 
"h,t.sh sputum e.ypectorated from the bronch ®L"re ? “ ""’a"'’’’"' 
theo ^ advances 

« h?n .1, " reay disappear 

«hen the symptoms of the diseasVare 
Still prominent. 

Cultural Characters. Bordet 
and Gengou succeeded in obtainine 
pure cultures on the glycerol-potato- 




sisgi's:: 


a IS ai/UUl VI V. 

and the organism 'is a strict aerobe. 
In the first cultures, growth consists 
of characteristic minute, raised, some- 
what opaque, 'pearly' colonies; later 
it becomes much more abundant, and 
subcultures may be made on ordmarj’ 
growths have been Confluent 

with that of ihp inn ^ smears of aluminium paint. As compared 
thicker and more hacillus, growth after several generations is 

It also has a tpmn ^ niargins are more sharply marked off; 

those of the infltienTi^ h Primary growths occur more slowly than 
the growth i« nr,t hacillus. The presence of blood, though favouring 
B. terlusitii! p-iT, essential as in the case of the influenza bacillus, and 
does not ferinent^^cwr of the X and V factors (p. 388) ' It 

indole or rpHi glocose or other carbohydrates and does not produce 
be noted Hat ^ non-ha.n.oIylic. It “.a.v 

in Dnmirv mif ’ unlike the influenza bacillus, will not grow 

VumuTv rt™ “.'‘“"'"‘•-'''“‘Xl -"“diutre 

the infliipn^^ i, of B. pertussis is somewhat similar to that of 

pemtures e g 0° 'to^l’o^lc much greater viability at low tea>- 

p Bordet and Gengou found that m esec 

i.m.nt-fivatioi 


reactiM^^;.^^ serum of convalescents gave the complement-fivatiot 
that a snenfic "’“*“dly with the «-hooping4ugh bacillus, which show! 
to a true mf for the badlliis is present in the serum, and point 

the tesT4a? u'™ 2““ “fganism. The results of the application »• 
they more G “ bronchial irritation have been to show tfal 

he ‘ht infontion than was formerly supposed, 

the paroxysmal stage being often absent. 
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It is specially noteworthy that this organism constitutes a homogeneous 
species from the serological point of view and contrasts in this respect with 
the influenza bacillus Thus most observers have found on testing the 
agglutination reactions of freshly isolated strains with antisera that they all 
react similarly. On the other hand, after cultivation, stra ns rapidly undergo 
antigenic variation This seems to be analogous to the S->-R transformation, 
though there is no distinct change m colony structure Certain serological 
observations indicate that the change in antigenic characters develops in 
successive phases (Leslie and Gardner , Toomey el at.) Leslie and Gardner 
have recognised four antigenic types representing these phases, which they 
designated I to IV It has also been pointed out that the primary S form is 
capsulate and there is some evidence that the capsular substance is of carbo- 
hydrate composition (Lawson , Craickshank and Freeman , Flosdorf and 
Kimball) 

Pathogenic Effects, Relationship to Disease and Toxin. The general results 
obtained by Bordet and Gengou indicated that the ordinarily used animals 
were not susceptible to true infection with the baallus, but that it contained 
a powerfully acting toxin, which produced both local and general effects The 
injection of a small quantity of the bacillus into the eye of a rabbit produced 
a local necrosis, 'vith little inflammatory change, and the introduction of 
dead, as well as living, cultures into guinea-pigs caused death from toxic 
action, there being htemorrhagic cedema locally, and hiemorrhages and 
necrotic foci in organs Thev advanced the view that the bacillus is present in 
' . . “ 1 -i s i 1 I , 

.11 ■, ■ i ' • • s . I 1 • . 

' « p I ^ ; • . • " 'I : . . • » ■ • 1 * • I I : ■ I . 

whooping-cough concluded that the essential feature consists in the presence 
of masses of the bacilli between the ciha of the epithelial cells lining the 


irritation and irregular pyrexia were outstanding features Usually, in the 
case of the dogs, a fatal result followed after two or three weeks, and post 
mortem there were found catarrhal changes m the respiratory tract and some- 
times patches of broncho-pneumonia, from which the bacillus could be 
recovered m pure culture The serum of the infected animals gave the 
complement-fixation reaction A speaally interesting finding was that a 
number of healthy young dogs contracted the disease by contact ivith the 
inoculated Fraenkel also obtained results closely similar to those of 
Klimenko In recent years further attempts have been made to establish 
the etiological rdle of B pertussis by expenmental inoculation Sauer and 
Hambrecht introduced cultures into the nares and larynx of young monkeys 
(e g Macacjts rhesus) and m certain cases after an incubation penod of one to 
three W’ceks paroxysmal coughing resulted Examination of the blood 
revealed the transitory lymphocytosis which is charactenstic of the human 
disease B pertussis was recovered by throat culture dunng life and from 
the lungs post mortem Keco\cred animals were immune to subsequent 
inoculations Intranasal inoculation of aniesthetised mice has been found to 
produce an interstitial pneumonia with a histoli^cal picture somewhat 
similar to that m the human disease (Burnet and Timmins). Young rats, 
anaisthctiscd with ether, are aUo susceptible to intranasal inoculation, with a 
resulting interstitial pneumonia , these animals dewlop a paroxj-smal cough 
which may persist for long periods in those which surMve the infection 
(Homibrook and Ashburn) Shiblcy and Hoclschcr claim to ha\ e reproduced 
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the diiease in chimpanzees. E.\periments have also been earned out in 
chimpanzees by Rich and his co-workers ; these demonstrated the infeclivitv 
of cultnres of B pertussis and of nnfiifercd material from the respiratory 
passages of cases of whooping-cough. The conditions produced closely 
resembled whooping-congh. No evidence ivas obtained that any Bltemhle 
infective agent is responsible for the complete sjmdrome of effects which is 
typical of whooping-cough, though there were some indications oi the pres- 
ence in experimentally inoculated animals of a transmissitite filtmHt 
catarrh-producing agent. • The production of whoopmg-congh in chiMica bu 
means of cultures of B. pertussis has been recorded (Macdonald and Mac- 
donald). 

As mentioned above, marked toxic effects were observed by Bordet and 
Gengou in animals inoculated with living or killed cultures of B. fertims. 
Toxic products can be obtained bj' grinding dried killed cultures and extract- 
ing them with saline (Evans and Maithnd) ; the toxin has also been got in 
filtrates of six-days-old fluid cultures (Roberts and Ospeck). On intravenous 

injection into rabbits the toxin is letb-’’ *•" ’■ 

glyctcmia occurring before death . on 
results. Guinea-pigs and mice are ols- 

further interest that when administered intratracheally it produces histo- 
logical changes in the lungs which are similar to those seen in the hunua 
disease — perivascular and peribronchiolar accumulation oi lymphocytes, 
presence of mononuclear cells in the alveoU and areas of necrosis (see Evans, 
Sprunt and Martin , Ospeck and Roberts : Ehrichf/M). The fresh tovic 
c.vtract and the product detoxicated with formol are antigenic and develop 
an antitoxin in animals. Heating at 55* C. for half an hour destroys these 
antigens and abolishes the lethal and necrotising action of the to.vin ana the 
property, 0 ^ 
extract w2 


tion and C( 
(see Evans/. 


iL is not Clear how tar the toxin accounts for the features 


of 


the human disease . . ,t 

The question has been considered whether a virus rriay be aSsoaatea 
5. pertussis in whooping-cough, and in this connection intranuclear inc u 
bodies have been described in the alveolar epithelium in the dKeasc. ^ 
inhltraaon of the lung tissues with mononuclears and 
feature which provides an analogy with virus infections of the re p 
tract such as measles and influen 2 a, though it has been sho^vn . 
changes may be produced by the bacterial to.xins. The extreme y 
nature of the disease and the lasting immunity' foflmving recoye / 
suggested the possibility of whooping-cough being of .Vathe or 

however, attempts to demonstrate a spedfic vims have be o 


inconclusive. • r _ epries of cases 

Sugare and McLeod, who isolated B. perUtssts from ^ exanuna- 
of whooping-cough, obtained successful r^ults in orcanisrn in 

tion in the first week of the disease They failed to find ^ ynikr 
secretions from the larynx, trachea, bronchi, and lungs oi finy . Jt 

ten years of age who had died firom diseases other ^ses during 

should be noted that while the organism may be detected in . dunng 
the early catarrhal stage, it is less r^ilarly found in th€ c^pe ^ ^ 

the paroxysmal stage and may be absent at a later penoo. tjjseal 

cases are non-infective after four weeks from the in 

paroxysmal coughing (Keistensen) The bacillus has no 
blood unless as an agonal phenomenon (Klimenko). 
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All the evidence available so far definitely points to B. pertussis as tlie 
specific and primary cause of whooping-cough 

Immunity. In recent years extensive studies have been made of active 
immunisation against the disease by means of vaccines In general such 
vaccines have consisted of suspensions of recentlj* isolated virulent cultures 
in the antigenic phase I (Leslie and Gardner), killed and preserved with 0-5 
per cent, phenol, and standardised to contain 10,000 to 20,000 million organ- 
isms per c.c. : two to four doses have been injected at intervals representing 
usually a total of 70,000 to 80,000 million organisms, but some workers have 
preferred smaller doses, e g. 12.000 million, while others have used an even 
larger dosage, e g. 120,000 nulUon organisms It has been suggested that less 
than 50,000 million is ineffective. Alum-precipitated suspensions have also 
been employed with the object of delaying absorption and producing a 
sustained stimulus, e g two doses each of 10,000 million organisms at a 
month’s interval In trials of the vaccine many wnters have recorded sig- 
nificant differences between vaccinated and unvaccinated groups of children, 
which othenvise seemed comparable, and their findings indicate that an 
effective degree of protection is conferred and that when the disease is not 
prevented it is of a milder type than m um'accinated children Some 
obser\ers, however, have recorded disappointing results or differences 
between vaccinated and unvaccmaled which are not statistically significant 
It should be remembered that there are great difficulties in the accurate 
assessment of the value of immunisation against whooping-cough in virtue of 
the wde \ariation in exposure to infection among children in the ordinary 
community (see Siegel , Sauer ; Miller and Faber . Kendrick and Eldenng , 
Doull et al , McLean , Bell) 

Hamophxlus parapertuiiti '\n orRamsm so designated has been described m cases 
of clinical whooping-cough (Cldenng and Kendnck, 15)3?) It is diflerenUated from 
the classical organism by its pcotloction of hvmolysis on the Bordet-Gengou medium 
and the formation o( a brown pigment Its antigenic composition is apparently diSeecat 
from that of f? perluitis, though it shares with the latter organism a minor component 
Its toNin IS similar to that of P per/usstt (sec also Ilrueckner and I'.vans) A humolyttc 
type of B pirtiissis has aUo been desctib^ by Bradford and Slatin This organism in 
subculture grew more profusely than the classical organism and was more rapidly 
adapted to plain agar It produced a brown-coloured growth on certain media Sero- 
lcigicaldifleri.nccs of a quantitative nature between it and B pertussis were demonstrated 

Bacteriological Diagnosis. The onginal method was to obtain a jwtion 


plates were then incubated at 37® C and examined after twenty-four, forty- 
eight. and sevcnty-two hours Colonies of B pertussis appc-ir after se\ enty- 
two hours as small raised, jicarl-like colonics winch can be recognised bj' 
their characteristic features 

A procedure which has been extensively applied for obtaining direct 
cultures of the organism is to hold an ojwn plate of the sjiccial medium alxmt 
four mchcb in front of the mouth of the jiatient dunng the p-aroxysm of 
coughing Fifteen seconds' exposure is sufficient The plate is then closed 
and incubated Tliis methCKl i5 subject to the draw back that other organisms 
ma\ overgrow the colonics of B pertussis However, penicillin added to the 
medium (0 3 unit per c c.) is of special x'alue as a selective agent m pre\ ent- 
ing the growth of other organisms from the respiratory passages, e g staphy- 
lococci and streptococci. 
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The use of tlic post-nasal swab has also been advocated as a more con 
vcnient and satisfactory means of obtaining diagnostic material from cases 
of whooping-cough. Tho swab is used for inoculating a plate of Bordet- 
Gengou medium and penicillin is added as a selective agent fCruicbhani-) 

In'infants nasal swabs also give satisfactor>' results. 

B. vifiuenzct and organisms of this type which may occur in sputum 
require careful differentiation from B. pertussis. The strictly L-cmophiDc 
character of B. influensa: and the features of the growth of B. pertussis after 
several subcultures, as compared with that of the former {vtde supra), serve 
to distinguish the two organisms. Wliile B pertussis may begroum after sub- 
cultivation on a scrum medium. B. infiuenza completely falls to develop on 
such media According to Sugarc and McLeod, the chief features which dis- 
tinguish B. pertussis from B. iiifitieuza are, in the case of the former, the 
slowness of growth ; the appearance of the colonies on Bordet-Gengou 
medium, which arc raised and pearly ; the persistence of viability in cultures 
after keeping four to five weeks at 10" toO“C. ; am! the absence of growlh of 
recently isolated strains on heated blood agar ; also the very active catalase 
efTect of cultures, whereas B. injluenza gives this only slightly. 

The identity of B. pertussis can be established rapidly by slide-agglutina- 
tion with growth from the primary plate culture and specific antiserum. 

Serological methods may be used for diagnostic purposes particularljr vtv 
the later stages of the disease The agglutination or complemcnt-fiNstion 
reaction is suited for the purpose. The precipitin reaction has also bwa 
recommended (Farago). 


BACILLUS BRONCHISEPnCUS 
{f{JE^{OPI{lLVS BRONCHISEPTICVS) 

This organism, which has recently been classified with the 
group, wa.s included by earlier writers in the Bructlh group. It wasdesen 
by Ferry and by McGowan in canine distemper, but constitutes on } 
secondary invader in this disease. A similar organism^ occurs w 
pneumonia of guinea-pigs and other rodents. B. brmchisepticus is simi 
morphology to B pertussis, but is motile and possesses pentricnous g 
It is able to grow on plain agar media though growth 
presence of blood. The colonies are small, circular, smooth, g is ^ 
convex Hremolysin is produced in culture. The 
saccharolytic properties In the S phase it possesses an . t. jitter 

in common with B. pertussts and its toxin is also similar to ttia 
organism Moreov'er, when cultures are inoculated ^ terinssu. 

lesions result which are similar to those produced j those of 
Lesions of the lung in natural infections, eg. of the rabbit, res 
whooping-cough in the human subject. 

DIFLOBACIU.TIS OF MOEAX (MORAX-AXENFELD BMUXS. 

HEMOPHILUS LACVNATUS) 

This organism, which is specifically associated oath jjut its 

been included by various systematists in the Hamop t cbjecticn- 

characters are such as to render this classification this 

It has been suggested that a new genus should be 

and related species or types, Moraxella, and this subacute cases of 

The bacillus of Morax is especially common m the , 

conjunctivitis Eyre found il in 2'6 per tent, of ail case 
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IS a small plump bacillus, measuring 2 to 3 /i by 1 /t and usually occurring m 
pairs, or in short chains of pairs (Fig. 98) It is non-motile, does not form 
spores, and is Gram-negative In cultures it is distinctly pleomorphic, 
varying from short cocco-bacillary forms to elongated filaments. It does not 
grow on the ordinary media, tlie addition of blood or setum being necessar}'. 
The organism is not truly hremophilic and is independent of the X and V 
factors of blood {p. 388). Its optimum 
temperature is 37° C , and it does not 
flounsh at room temperature On 
serum agar the colonies after twenty- 
four hours are about 1 mm in diameter, 
circular, slightly raised, greyish-white, 
and translucent , on continued in- 
cubation they may enlarge and reach 
a size of 2 to 4 mm in diameter wth 
an opaque centre and more transparent 
border which tends to be irregular 
On coagulated serum it forms small 
rounded colonies which produce pits 
of liquefaction ; hence it has been 
called the ' HeemophUns lacunatm ’ 

Hiemolytic and non-hamolyttc strains 
have been distinguished by Oag who 
has also shown that these two types 
differ in their agglutination reactions 
with antisera. It is non-pathogemc to the lower animals, but conjunctii itis 
has been experimentally produced in the human subject by means of 
cultures. 

The Dtplohacillus hquefaciens or Bactllus duplex of Petit is practically 
identical in microscopic appearances wath the bacillus of Morax, and is found 
in cases of conjunctivitis in which there is often a primary involvement of 
the cornea It differs from the bacillus of Morax m being able to grow on 
ordinary nutrient media and at 20° C. It liquefies gelatin at room tempera- 
ture It is antigenically distinct from the bacillus of Morax. A non-liquefying 







Fic. 9S Film prrparntion of con}uncUval 
secretion, sbouinjr the Morax diplo< 
bacillus of con)u&i.tiMtis xl.UOO 


It liquefies gelatin (Jones and Little). 
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5‘cs ™ A ~ 

organism is subcultured ovc" a™ng'*period’of''iiL°^l may^ 
extent the jiropcrty of liquefying gelatin. ^ 

"■"'“'■at charactonsne They appear as mm.le 
|o„ -1 L !"A; ■" “'y-'oar to torty.r,ght hoars, the surlace of ahich onder a 

able 
sink 

nngj .41UUIIU liie cuiuiites • • 


Grouing on coagulated blood serum the cholera nbno 
slowly liquefies the medium On potato with a sufficiently 
alkaline reaction and at a temperature of from 30’ to 
37° C. a moist layer appears, which assumes a colour 
varying from yellowish-brown to pink. 

In alkaline broth the organism grows very readil)’, 




Fic. 103. Colonies of the cholera \ibrio on a geJatin 
plate — three dats’ growth. A shows the mnuiar 
surface, liquefaction just commencing, in 11 hque* 
faction IS well marked. 

a general turbidity resulting in tvvelve hours 
while the surface sIk ” — 

of vibrios in a very' . 

Fig. 103 Stab cui- growth takes place ... _ 

ture of the cholera solution (1 per ccnt. with 0-5 per cent, sodium 
sTdalv'iow.ir “dded). Grosvth occurs on MacMef^ T 
Natural size colonies being at first colourless, but later deve p o 

pinkish colour. ... .,.iv raoid 

On all the media the growth of the cholera vibrio is ^ 

and especially is this the case in peptone solution and m oro 
cumstance of importance in relation to its separation m cases 
{vide infra). . Qjfierbac- 

Vanation occurs as regards the morphology of colonies, as to 

terial groups, and ' rough ' variants may be observed which are 
the ' rough ’ colonies of the coli-typhoid group. Colony ^u^ivallate 
studied by Balteanu. who has described three types' |i' , • colonies, 

rugose ' colonies, which are small, yellowish, and opaque ; y) & , opaque ' 
which often show an opaque centre and transparent -j, serological 

white and adherent colonies, consisting of non-motile units a White 

tests containing only the 0 (somatic) t)q)e of antigen. Acco 
the rugose variant produces a capsular substance. 
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Biochemical Characters. Vibrio cholera produces acid, without ga*? 
formation, from glucose, Ijevulose, galactose, saccharose, mannose, mannitol, 
maltose, starch, and dextrin ; late fermentation of lactose, with acid produc* 
tion, may occur after several daj’s, but different strains show variation in the 
power of fermenting this sugar Dulcitol and arabinose are not fermented. 


but other vibrios may give the same reactions However, an unknown vibrio, 
which yields different results with saccharose, mannose, and arabinose, may 
be excluded as a true cholera vibno In milk the organism grows well, and 
produces no coagulation nor any change in its appearance, at least for several 
days Later, however, acid formation and clotting may occur. V cholera 
does not give the Voges-Proskauer reaction while certain other vibrios 
\neld a positive result. 

Cholera-red reaction. This is a fairly constant reaction, though it is not 
peculiar to the cholera vibrio The test is made by adding a few drops of 
pure sulphuric acid to a culture in peptone solution (1 per cent ) which has 
been incubated for twenty-four hours at 37“ C , a reddish-pink colour of 
mtroso-indole is produced This is due to the fact that both indole and nitrite 
arc formed in suitable proportions Rough variants and strains from 
earners may fail to give the nitroso-mdole reaction (Seal) 

Hamolyttc test V cholera has usually been desenbed as non-hsmolytic, 
whereas other ' > ’ - . • 

when growing 
the colonies 

cholera, which are definitely hremolytic, eg the so-called El Tor nbrio {vide 
infra) Further, strains of V cholera which appear to be non-hiemolytic 
after twenty-four hours' growth on blood agar, may later produce a clear 2 ;one 
round each colony along with a green discoloration of the blood U has, 
however, been found that the hiemolytic test can only be satisfactorily 
carried out by adding a fluid culture to a blood suspension Greig recom- 
mended the addition of varying amounts, up to 1 c c of a three days' culture 
m alkaline broth, to 1 c c of a 5 per cent susjicnsion of goat's corpuscles 
(sheep’s corpuscles may also be used), the whole being made up to 2 c.c . and 
tlioroughly mixed The tubes are placed m the incubator for two hours at 
37° C , and then in tlie icc-chest overnight, the results being read next day 
He found after testing more than 300 strains of true cholera vibrios that none 
of them produced h.-cmolysis, whereas this resulted with organisms of the 
El Tor type referred to It should be noted that occasional strains of tlie El 
Tor vibrio may lose their htcmolytic property after three dajs' growth 
Therefore the cultures tested should not be older than two days {V cholera 
may weld a ixjsitu e hremolytic result with blood from other animal species 
csjiecially after several days' cultivation, e g. horse, rabbit ) 

Reference has been made to the fact that strains of T cholera may pro- 


when these organisms are growing on agar containing heated blood, whereas 
the El Tor vibno docs not clear th» medium Tlie clearing of healed blood is 
possibh clue to breaking down of hxmoglobin wath the formation of alkaline 
h.ematin ‘iome vibnos produce Ixith tnichxmolj sis and this cleanng effect 
(on heated IiIockI). though as shown alx>\*c the two properties arc often 
dissiKwlcd {EinkcUtcin) 
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Further reference is made later to the question of hemolysin production 
as a feature which distinguishes certain vibnos from the true V chokre 
Distribution in the Body and Pathological Effects. The vibrios are gener- 
ally confined to the intestine. But they' may* be present sometimes in tJje 
internal organs, and especially* in the gall-bladder and bUiary’ passages 
Thus in a large series of post-mortem examinations Greig found the organism 
in the gall-bladder in rnore than a quarter of the cases, and in a consi 6 er 3 b}e 
number of these distinct pathological changes were present. (Another 
interesting fact observed by him was that in rabbits inoculated intravenously 
with the living organisms, infection of the gall-bladder and tbe/onnaljonof 
gall-stones not infrequently* occurred.) An important factor in the patholog)* 
of the disease is the tovic effect on the bowel. In cases in which there is the 
characteristic 'ricc-water ’ fluid, the lower half of the small intestine is the 
part most affected. Its surface epithelium becomes shed in great part, and 
the flakes floating in the fluid consist chiefly* of masses of epithelial cells and 
mucus, among u-hich arc numerous vibrios. The \ibrios also penetrate tbe 
‘follicles of Lieberkuhn, and may* be seen Iving between the basement mem- 
brane and the epithelial lining, which becomes loosened by thdr action In 
some very adutc cases there may be relatively little desquamathn of epi- 
theliunu the intestinal contents being a comparatively clear fluid containing 
the vibrios in large numbers. In other cases of a subacute tj^e, the intesfme 
may* show more cxtensnv necr<ysis of the mucosa and a considerable amount 
of limmorrhagc into its substance, along with formation of false membrane at 
places. The intestinal contents in such cases are blood-stained and fom- 
smellmg, there being a great proportionofothcrorganismspresent besides the 
cholera vdbnos , 

Viability and Modes of Infection. In its resistance to heat, the chom 
\*fbno corresponds with most spore-free organisms, and is killed in hit 
minutes by a temperature of 05® C., and more rapidly at higher ^ 
Although the v'ibno can sur\*ive in ice for some time it dies when kep 
few days Against the ordinary antiseptics it has comparatively lo" P® 


of resistance, . .-mn-be 

As regards its resistance in ordinary conditions, the follovnng Jac - / 

stated. In cholera stools kept at room temperature, the 
are rapidly outgrown by putrefactive bacteria. Greig found nrevail- 


are rapidly outgrown by putrefactive bactena. urejg Tit,- nrevail- 

of survival is from one to eight days according to the season and . * 
mg temperature, persistence being longer in the colder {tom the 

when the temperature was high The conclusion may also se^\age, 

work of various observers, that the vibrios do not miii ip J 
although they may* remain ah vc for some time. Though the cm 
ally favourable for the growth of the cholera vibrio are a wa of organic 
moisture, a good supply of oxygen, and a considerable pro^ jjjg 

material it is doubtful if it can flourish as a saprophyte. ^{ja( tie 

“ 'illysupp'^ 

ed from the 

During epidemics the cholera organism nas 
stools of a considerable number of people 

disturbance, and even from the stools of quite carried £>nt 

may be regarded as cholera carriers. Numerous . .{jg'sfooL. sho'J 
both on convalescents and on contacts haring the vy>n i _ and 
that in the great majority* of cases it dies out alter two .„.g]ve 

. u bmr^v^r been detected as long 

.xanuflalions 
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nre necessary before they can be pronounced free As in the entenc carrier, 
the organisms apparently persist in the gall-bladder There is no doubt that 
carriers play an important part in the spread of the disease, and can originate 
epidemics. 

Cholera organisms are, as a rule, rapidly killed by natural drying, and thus 
they cannot be spread b)’ air and dust Cholera is commonly transmitted by 
means of water or food contaminated by the organism, and there is no doubt 
that contamination of water supphes by choleraic disdiarges is the chief 
means by which communities are rapidly infected It has been shoum that if 
flies are fed on matenal containing cholera vibrios, tlie organisms may’ be 
found alive within their bodies twenty’-four hours afterwards. Further, Haff- 
kine found that, in a locality infected by cholera, stenlised milk might become 
contaminated with cholera organisms if kept in open jars to which flies had 
free access Thus infection may be earned also by this agency' 

Experimental Inoculation, in considering the effects of inoculation with 
the cholera vibrio, we are met mth the difficulty that none of the lower 
animals suffers from the disease under natural conditions Accordingly, 
attempts to induce the multiplication of the organism within the intestine of 
animals, by artificially arranging favounng conditions, occupied a prominent 
place m the early experimental %\ork 

Nikati and Rietsch, by injecting the organisms directly into the duodenum 
of dogs and rabbits, succeeded in producing, in a considerable proportion of 
the animals, a choleraic condition These experiments were confirmed by 
other observers, including Koch, Thinking that prob.ably the vibno when 
introduced by the mouth is destroyed by the action of the hydrochloric acid 
of the gastric secretion, Kocli neutralist this acidity by administering car- 
bonate of soda to guinea-pigs, and some time afterwards introduced a pure 
culture into the stomach As this method failed to give results, he tned the 
effect of artificially interfenng with the intestinal penstalsis by injecting 
tincture of opium into the peritoneum, in addition to administering carbonate 
of soda as before TJio result was remarkable, as thirty out of tliirty-five 
treated animals died rapidly with symptoms of general prostration and col- 
lapse Post mortem the small intestine was distended, its mucous membrane 
congested, and it contained a colourless fluid with small floccuh and the 
cholera organisms in practically pure culture Koch, however, found that 
when the vibrios of Finkler and Prior, of Dciiekc, and of Miller {ude \nfra), 
were employed by the same method, a certain, though much smaller, propor- 
tion of the animals died from an intestinal infection Though the changes in 
these cases were not so characteristic, they were sufficient to prevent the 
results obtained with .the cholera organism from being used as a demonstra- 
tion of the specific relation of the fatter to the disease 

Zabolotnv found that in the marmot an intestinal infection readily take*' 
place by simple feeding with the organism, there resulting the usual intestinal 
changes, sometimes with liarmorrhagic pcntonitis — the organisms, howeier, 
being present also m the blood Of special interest is the fact, discovered by 
Metchmkoff. that in the case of \oung rabbits shortlv after birth, a large 
proportion die of choleraic infection when the organisms are simply intro- 
duced along with tJic milk, as may be done by infecting the teats of tfie 
mother I'lirthcr, from the anim.'iK thus infect^ the disease may’ be trans- 
mitted natiirallv to others by contact In this infection of young rabbits 
many of the svmptoms of cholera were present But many of these cxjTcn- 
montb were jK-rfonnci! witli the Ma.ssauali tibno which is now admilteii 
not to lie identical with the classical cholera organism, others with a cholera 
s ihrm obtained from the u atcr of tlie Seine 
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Experiments performed by. direct inoculation also supple inlcresdns 
facts. IvtruhpyUnvonl ;« - ■ , . ° 


Intmpenloiieal injection in guinea-pigs of even minute doses of 
virulent culture is follow'ed by general symptoms of illness, the most 
prominent being distension of the abdomen, subnormal temperature, and 
ultimately, profound collapse, and death in about twenty-four houre. There 
is peri toneal effusion, which may be comparatively clear, or maj’ be somen-hat 
turbid and contain flakes of lymph, according to the stage at which death 
takes place If the dose is lar^ (several loopfuU of an eighteen hours' agar 
culture/, organisms are found in considerable numbers in the blood and abo 
in the small intestine, but with smaller doses (one-half to one-tenth of a 
loopful), they arc practically confined to the peritoneum, or the cavity mai 
be sterile post fiiorUm. ' - 

The cholera vibno is markedly ‘ enterotropic and by the intravenous 
injection of cultures in rabbits, a pathological picture resembling that b 
human cholera can be produced (Mackie). The animals die in tnenty-four 
to forty-eight hours, and before death there is marked diarrhoea ; at autoj^y 
the small intestine is markedly distended with a milky mucous fluid contain- 
ing whitish flakes of desquamated epithelium and resembling the ' nce-water ’ 
stool of cholera Large numbers of vibrios are present in the intestine, 
and the gall-bladder is also heavily infected. It must be noted, however, 
that other vibrios produce a similar effect, e.g. the so-called paracbolera 
vibrios 

From the above account it appears that the evidence obtained irom 
experiments on animals on the whole supports the specific pathological 
relationship of the organism, especially when it is borne in mind that ammaii 
do not in natural conditions suffer from ihe disease 

Experiments on the human subject and accidental tn/ecthns 
ments have been performed on the human subject, and ^ t.„ 

have also occurred in laboratory workers. In the course of Koch ® ® . 
work, one of the ivorkers in his laboratory was seued t 

symptoms The stools were found to contain cholera vibrios ^ 


symptoms me stoois were louna lo contain another 

numbers Recovery, however, took place. In this case there 


possible source of infection than the cultures with which the ‘ 
working. A similar accidental infection from number of 


experimental animal proved fatal to Dr. Oergel — — - some cases 

experiments have been performed, which certainly show ^ ^.ultures. 

more or less severe choleraic symptoms may follow ingestion o p 
whilst in other? no effects may result. The former was the {he 

with Pettenkofer and Emmerich, who made diarrhaa was 


latter especially becoming seriously ill. In the case pf jj (ovic 

....n ^ In present m the stools, thougn 


well marked, and numerous vibrios were ^j^^nts on mni- 

symptoms were not pronounced. Metchmkoff also, by ex^ _ecific relation 
self and others, obtained results which convinced him o v 
of the cholera vibrio to the disease. . , , cholera carriers. 

As the result of observations on cholera epidemics evtremely 

it may be concluded that only a coiain proportion of p P 
susceptible to cholera. filtered cholera cul- 

Toxins. The general statement may be made tna • ^ not pro- 

X-..- xi,... ♦i.af ;c tvoical exoioxu ^ 


AOXiua. Aiic geiictdi . . 

tures as a rule have little toxic action — that is, 
duced by the organism It lyas, however, shown b> injection 

organisms were highly toxic, and that "Sound collaj^ 

gumea-pigs, the same phenomena as living culture . r considered m 


guinea- 

subnor . „ . 

the toxic substances are contained in 


subnormal temperature being a prominent 


Ithat J5- 
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they are sudoloxuis — and that they arc only set free by the disintegration of 
the latter He sho^ved also that when an animal is inoculated intraperi- 
toneally with the cholera organism, and then some time later anti-cholera 
serum, which produces bacteriolysis, is injected, rapid collapse with a fatal 
result may ensue, apparently due to the liberation of the endotoxins Dead 
cultures administered by the mouth produced no cfiect unless the intestinal 
epithelium was injured, in which case poisoning might result Pfeiffer found 
that the toxic substances were toagreat extent destrojcd at 60° C , but even 
after heating at 100° C. a small proportion of toxin remained, ivhich had the 
same action Later, ilacfadyen observed that the product obtained by grind- 
ing up the organisms frozen by means of liquid air, had a very high degree of 
toxicity when injected intravenously Like Pfeiffer, he found that the 
toxin was m great part destroyed at 60° C On the other hand, certain 
observers (Petn and others) have obtained toxic bodies from filtered cultures 
Metchnikoff, Roux and Taurelli-Salimbeni demonstrated the formation of 
thermostable diffusible toxic bodies by highly Mrulent organisms in fluid 
media The diversity in the results obtained by various workers seems only 
explicable on the assumption that different strains vary greatly as regards 
the diffusibility of their toxic products It is doubtful whether a true 
exotoxm is produced and it should be noted that rapid aistolysis of the vibrios 
in culture with the liberation of endotoxin might explain some of the above- 
mentioned findings Attempts to isolate the endotoxin by chemical methods 
have met with some success , it is closely associated with phospholipoid (sec 
Burrows el al ) . antigenic properties seem to be lacking 

Immunity. The guinea-pig or .any other animal may bccasily immunised 
against the cholera organism by repeated injections of non-fatal doses of 
dead vibnos , later, the living oiganisms may be used In this W'ay a high 
degree of immunity against the organism is developed , and further, the blood 
serum of an animal thus immunised has markedly protective power when 
injected, eg intrapentonoally, even in a small quantity, into a guinea-pig 
along with multiples of the fatal dose of the living organism Under these 
circumstances the vibrios undergo a granular transformation and. ultimately, 
solution This phenomenon, which is highlv specific, is generally known as 
Pfeiffer's reaction, and was applied by bun to distinguish the cholera vibno 
from organisms resembling it 1 he following arc the details 

Pftijjfr's ttacUoa \ loop/ul ot an «gtitecn-hnurs’ virulent d^ar tulture of the 
organism to t>e tesfcil is added to 1 c c of ordinarj- broth containinjj 0 001 c t of potent 
anti-cholcra scrum The mixture is Ihen injected into the peritoneal cax ity of a younc 
guinea-pifi /about 200 grms in weight), and the peritoneal fluid of this animal (conveni- 
ently obtained by means of a J c c sjnngej is examined microscopiLally after a ftw 
minutes and again after twenty, fort>, and sixty minutes If the nrg.xnisms injettnl are 
cholera vibrms, it will be found that thc> become motionleyi swell up into globules, and 
ultimalelj break down and disappear — posilnensHlI 11 thtyarc found active and motile 
then the possibility of their being true cholera nrgantsms may be excluded ^ntgaUit 
result In the former case (positive result) there u, howov er still the possibility lhat the 
organism has been destrojed bv the normal pentonca) fluid \ vontrol experiment 
should l>e made with 0 01 i c of normal serum in place <>f the anti cholera svrum If no 
alteration of the organism wcurs with its use. (hen the conclusion is that a true reaction 
has been given — the cvmtrol animal will die from the infection in about twenty four 
hours r«rresponi)inc bictmolytjc rflects may be oblainei) b> in ttiro inethrsls. 
introiluced since I’feillcr’s original mcthix) 

The scrum of an anim.'t) immunised bt tjic afxjxe method lias aKo 
marked agglutinating and other antibacterial projiorties against the rholer.i 
vjbno. and these properties closely corropond watJi Pfeiffers reaction a.s 
regards spc*cificitv For the serological identification of 1'. choleret the agglu- 
tination reaction is now used as in the case of otlier organisms {i-tJe tnjra) 
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An nnti-cholcra scrum has liltle protective effect acaiost the tovic arti™ tt r i 
ribrios, and Pteffer mamtamed that little or no antuLin to ^ 

duced On the other band. Macfadi-eo, by injectins the endotoxin derived frora^tle 
vjbnos by gnndins-, obtained a serum rrhlch had antitoxic as veil as a-cI«tmaCsrt 
bacteriolytic properties. Metchnilroff and others also obtained antitraic serallr fc 
extracellular toxins» \vhich they prepared 

For therapeutic purposes several nttti*nn ifhivk a. - 

as antibacterial have been used, 
fiicting character, but it cannot I 

The possession ol marlted antitoxic properties by these sera has not been establohel 
expenmentally. 

The terum oj.choicra convalescents has been found to possess protective 
and increased bactericidal action. These properties of the serum may be 
present eiglit or ten days after the attack of the disease," but are most marked 
four weeks after ; they then gradually diminish. Specific agglutinins appear 
in the serum of cholera patients, as in other diseases. They are most marked 
in convalescence, reaching the mviximum in from two to three weeks from tk 
onset of the disease, the senim then agglutinating in a dilution of I in 100 or 
even 1 in 1,000 (Grcig) Agglutinins are also often present in the blood of 
carriers It should be noted, however, that normal serum may sometimes 
liave an agglutinating effect on the cholera organism in dilutions up to 1 m 20 

Anti-Cholera Vaccination. Preventive inoculation against cholera first 
attracted attention largclj* as the result of Hafikine's work in India On the 
analogy of Pasteur's anti-anthra.x inoculation, injections of attenua^ 
organisms were administered first of all, and were followed by the injection 
of cultures of organisms of exalted virulence which had been passed repeatedly 
through the peritoneal c.ivity of guinea-pigs. Killed suspensions of the 
organism prepared from cultures on agar have more recently been extensirely 
used as vaccines. They arc prepared according to the general technique 
desenbed in the Appendix. Adequate dosage of the vaccine is essential 
— two injections of 5,000 and 10,000 million organisms at an inten’al o 
a week. The effect of the preventive inoculation of troops “exposeo to 
cholera infection in time of war, both in reducing the incidence and 
the mortality of the disease, has been illustrated (see Greenwood and lu«/ 
The results of field tests of anticholcra vaccination in India ha'o 
reported by Russell along with careful statistical analyses of 
cholera attacks and deaths among immunised persons and comrois. 
oral and subcutaneous methods of administration were investiga e . - 

redka’s cholera bih\'acdne being used in the former case. 
concluded that a high degree of immunity is conferred by both jj , 

that the effect of subcutaneous vaccination is superior to ‘hat o 
administered vaccine. (Sec also Adiseshan ei al . ; Chandra Se 

Allied Vibrios. El Tor vtbrio. In 1905 Gotschhch obtaine 
strains of a \ibno which conformed in cultural and serologic jjjving 
V chokrcc, but differed from the classical cholera nroduem.? a 

marked hiemolytic action (as already described), and ^ s . £j por 
rapidly acting extracellular toxin. The organisms were o 5 ,.jnptoms; 
from the intestines of pilgrims who had died wth l^ggn some 

and there were no cases of cholera in the xianity i regarded as a 
difference of opinion as to xvhether these oiganisms are ° 
distinct species or as variants of the cholera vibrio Theanti- 

lytic property represents a fundamental difference from - ^ •jgj.gd later, 
genic relationships of the EI Tor xnbrio to V. cholera wa occasionally ri 
but it may be said that while the former may be ^ typical 

choleraic cases and in healthy carriers, it is never asso 
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epidemic cholera. According to Takita the El Tor vibrio produces a true 
exotoxin which is thermolabile and is neutralised by antiserum It has been 
stated that this type of vibrio differs also from V cJiolerc^ in giving the 
Voges-Proskauer reaction 

Paracholera vibrios Certain observations have shoivn that there occur 
groups of cases with choleraic symptoms or merely diarrhcea, in which the 
vihrios present differ m some respects from the cholera organism Such cases 


in cases of the disease, similar organisms have been obtained from the stools- 
of contacts — that is. carriers occur In those affected the vibnos are often 
present in the stools in large numbers, and on isolation are found to have the 
morphological and cultural characters of the cholera organism , they are 
also virulent to the guinea-pig on intrapentoneal injection, and to the rabbit 
on intravenous injection, as m the case of the classical V cholera They are, 
however, markedly hiemolytic, when tested both on blood agar plates and 
with suspensions of sheep’s red corpuscles. Further, they differ serologically 
from the cholera organism even after repeated subculture — ^when tested in 
the form of suspensions of agar cultures they are not agglutinated at 37® C 
by an anti-cholera serum, and they react negatively m Pfeiffer’s reaction. 
Antisera for these organisms do not agglutinate the typical cholera \nbno 
They also differ serologically amongst themselves, and sev eral varieties may 
be distinguished in this way (Mackic) 

Similar organisms have been isolated from water supplies in the East 


most highly parasitic type Some of these \ibnos may be purely sapro- 
phytic, occurring in water supphes in certain regions of the world, or estab- 
hshing themselves as commensals in the bowel. Others may occupy an 
intermediate position and possess potentially patliogemc properties, e g the 
paracholera vibnos 

In addition to the paracholera organisms descnbed above, other vibno 
types have also been isolated from choleraic rases, eg E metchmkovi, 
V pTOleus, phosphorescent vibrios, etc No definite statement can be made 
as to the pathological relationshijis of these tj’pes m the human subject 

Taylor. Pandit and Read have reported the results of an investigation 

in India of a largi ’ ■ i .1 j j , « , 

cholera serum 
healthy persons, 

logically and biochemically Thus, thirty-one different serological tj pcs were 
recognised Biochemically they' were classified according to Heiberg's 
criteria (fermentation of mannose, saccharose, and arabinose), along with 
the cholera-red and Vogcs-Proskaucr reactions While cholcra-red positive 
and negative inagglutinable strains were generally positive and negative 
respectively in the Vogcs-Proskaucr test. V. cholera was found to be 
negatue in the latter reaction These workers ha\c concluded that in India 
generally no \nbno of serological cliaractcrs other than tlie classical is 
responsible for epidemics of cholera 

Antigenic Structure of the Cholera Vibrio and Allied Organisms. As 
pointed out abo\ e. strains of the cholera \ibno isolated from the typical epi- 
demic disease usually show a high degree of speaficity in their agglutination 
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rcaclions wl,f„ tcslcl by the ordinary method,, ,a„,| ti,;, 

Imve Ix-wi deariy d,,tmffm,(,«I Itom ■chokn-likc ' and paracholcra 4ri<« 
Ihc I-.l lor vibno has nstlally Iwen found to l)chave like the true cholera 
v.bnn in serolojjiral reactions tbooKh ililTerinK from it in heins actnelv 
li/fmolytic. The reaetton'i o( fhese or^Mnisms /lavc m the past 

lK.-c*n^c.irrie(J out u-itli saline snspenMons of agar cultures, incubation being 
at .'17° C. for a }.hort |)cno<l. Dmiglas. using formolised suspensions and 
nictib.itJng .at TiO’ to .W" C, eJicileil a fjroup effect itetween J'. r^o/c-rff and a 
pararhoIcM vibrio The tIilTercnt rcMiIts olifainctl hy tlie tuo methods 
were fater cmphasKCfl^hy Mackie wJio showed that the essential serological 
distinctioi) Ijclwrcn 1‘. choJrfir and |).iracholem vihrioi u-as more clearfs 
demonstrated hy the former iecliniV|tic. The cholera sibrio, like other flagef- 
late hariena. i>ossessos antigenic constituents associated respectively with 
the /lagclliiin and iKxly of the organism (Il.iJtc.jnnJ. From the wor)i of 
Slioiislia, Alxloonli. Gohar, and otlicrs it apj>cars that the classical cholera 
vibrio conf.aitis constant ff ainf O antigens, t/ic fatter being multiple, flat 
while the sanic II .antigen occurs in other vibrios the 0 antigen is specific 
This work was extended hy f».ardncr anil Wnkatrarnan. who suggested a 
classification of vihneH .accorrh'ng to thciT 11 and 0 .antigens. They recognise 
a ■ cholera group ' of hiochcinically .similar vilirios jx>s.«c5sing a common H 
.antigen nrul they div ide this into subgroups each with a S|vcific 0 constitu- 
cfit I, comprising t/ic c/assic.aJ t\ chotcfit and the HI Tor vibrio; If, JIf. 
etc whiih .are mostly li.rmolviic and include the various r.ic« of paracholcra 
vibrios, ' cliotcra-Iikc ’ vi!>nos. and al*a) some strains dassi/ietl as £1 Tor 
vibrios \\'itJi/n subgroup f serological iv'ijcs have .also been recopiiscd and 
I .m lie differentiated by.iggIiitinin*ah'Orp'tion Icsl.s with 0 antisera, the di^' 
ciuo de|>endmK on suli'icliar)' O constituents Two such types nav’C ^ 
tlesigimtod hv tlie n.imc.s of .standard strains, ' Jnaba ’ and ’ 

^.ime form of tv (h* differentiation can l»e dcmonslmted among El Tor vibn 
The antigenic constitution of the vibrios of the cholera group oc 
snierable fomple-viiv anrl in adilition to s^*ccific 0 factors a 
component is aUo <IcnionstnvbIc. Further, according to Ntlute, he 
formation to the rough (Rj fonn is .associ.itctj with a 
antigen, an<l the non-specific 0 comixjnent then l>ccomc<; as if ««ere un . , 

W'hile has also desen l»cd variants (dcsignateil /»} which have M t ci , ? 

Oanfigcnwith thcunm.iskingofanofhercornmonconstifuent 

n.aturc of these comjjoncnts has been studied by Linton jj 3 ,e 

in India They find th.at s|K*cificity depends on . wd on 

s,rb,l,-,n«5 .-.ml they hr - -- •> 

chemical constitution ,ial 

cation . thus Linton ar -om 

cJiolera strain mav' >-ieId a derivative whose serolospc-u antigenic 

the parent strain in virtue of changes in its chemical sinictu - -nanisms 
and chemical inter-relationship ,and tliflcrcnces among 
require further .study (sec Linton, 1910). _ important 

From the point of view of identifying the epidemi ^ 
classical F cheUrre, it nwy be s.itd th.at in ° „ acclutmab’on 

the characteristic morphological and biochemical cha . -^.{dence of i^ 
to litre by an anti-0 scrum for sub-group I is cone u 

t- ni^nptitth there may Gfeigj- 

iti-cholcm scrum (^'7' ^‘Vtlcd. 

undergo 


iH-cholcrS 
Ur0 has not 
ter 


u 13 . - fttialb' • 

certain conditiotiv- 
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alteration as to become inaggluttnable by anti-cbolera serum, e g in the boive! of 
convalescent patients and in water (Tomb and hlaitra) Recent observations on anti- 
genic variation may ofier some explanation of these findings It has been pointed out by 
Doorenbos that under the action of a bactenopbage. V cholera may become inagglutin- 
able and also acquire haemolytic properties It must also be mentioned that strains when 
first isolated may be inagglutinable, but after repeated culture react to an anti-cholera 
serum 

Cholera Bacteriophage. A bacteriophage which is active towards the cholera vibrio 
has been obtained by various workers, and a method for its isolation from the stools of 
cholera cases was first described by d'Herelle D’Herelle and Malone endeavoured to 
correlate the activity of this bactenophi^e m the intestine of cases with recovery from 
the disease, and stated that in India outbreaks of cholera can be controlled by the addi- 
tion of bacteriophage to water supplies Bactenoph^e preparations were also applied 
in the treatment of cholera D'Herelle and his co workers claimed that if the bacterio- 
phage is administered sufficiently early m the illness a considerable reduction in mortality 
results 

The study of the cholera bacteriophage and its practical application in prevention 
and treatment was extended by Asbeshov and by Morison Asheshov pointed out 
the existence of different types of phage each producing different forms of ' clearings ’ 
or ■ plaques ’ on cultures of the vibno and by repeated isolation from individual plaques 



dary growth, whereas the several types when used m combination tended to prevent 
this Thus the principle was adopts in using phage for the treatment of cholera to 
combine all available types acting on the vibno and to incorporate m a preponderating 
proportion one which acted quickly, the others serving to prevent secondary growth 
Monson demonstrated nine different types of cholera phage and showed that by 
combining different types complete lysis of a cholera culture is produced without any 
subsequent secondary growth He applied practically such combined phages for the 
control of cholera m Assam, the material being distributed on a large scale and taken by 
mouth Prophylactic and therapeutic effects have he«n claimed, as well as control of 
the spread of the disease 

Bacteriological Diagnosis. In the first place, the stools may be examined 
microscopically Dried film preparations should be made and stained by 
any ordinary stain, though carbol-fochsm diluted four times with tvater is 
specially to be recommended Hanging-drop preparations should also be 
made, by which method the motility of the organism can be readily seen 
By microscopic examination the presence of vibnos will be ascertained, and 
an idea as to their number obtained In some cases the cholera v’lbnos are 
so numerous in the stools that a picture is presented which is obtained in no 
other condition, and a microscopic examination may be sufficient for immedi- 
ate purposes 

If the organisms are very numerous, plates of Dieudonne’s medium 
may be inoculated at once and a pure culture obtained from one of the 
colonies. Aronson’s medium has been used as an alternative. 

If the vibrios occur in comparatively small numbers, the best method is 
to inoculate peptone solution (1 per cent ) standardised to pH 8-0, and 
incubate for six to eight hours At the end of that time the vibnos will be 
found on microscopic examination m large numbers m the surface pellicle, 
and thereafter plate cultures can readily be made on Dieudonni’s medium 
If the \nbrios are very few in number, the peptone solution which has been 
inoculated should be examined at intervals till \ibrios are found microscopic- 
ally A second tube of peptone solution should then be inoculated and 
subcultures made later on DiPudonn6 plates Though Dieudonni’s medium 
m virtue of its alkalintt> restrains the growth of most other intestinal 
bacteria and thus jnclds, as a rule, a practically pure growth of V cholera', in 
all cases the punty of the strain must lie ensured b\ isolating from single 
colonies 
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IH 

tlistiUed 

solution . ' 

grm^ dried sea-salt are dissolved in the fluid (sea-salt may be replaced by 20 jfrajs 
27 gmiii.. KCI 1 gnn, ,MgCI-OH,0 3 gm.,\n4 
MgSO, -711,0 i-/5grms.), the soluUon is filtered, distributed in lOcc amounts in screw- 
capped bottles and sterilised rn the autoclave The pH should be 9 2 Of a specimeo 
of stool 1 to 3 prms. according to consistency arc emulsified in a bottle of presemcj 
medium. " 


When a vibno has been obtained in pure condition by the above methods 
it should be tested, as regards agglutination, vrith a high-titre anti-cholera 
serum prepared by irnmnnising rabbits with a suspension of an agar culture 
of classical V. cholera wfiich lias Ixren previously boiled for two hours. At 
the same time the cultural characters and hmmolytic property should be 
tested. Tlie characters according to which a Wbrio strain may be regarded as 
a true V, cholera: have been detailed earlier in the chapter. In summary 
it can be said that vibrios which fail to give the following reactions can be 
c.xcluded — fermentation with acid reaction (without gas) of glucose, sac- 
charose, and mannose ; arabtnose not fermented ; choIcra-rcd reaction 
positive ; Voges-Proskauer reaction negative ; non-hmmolyhc for sheep 
red cells : agglutination by an O-specific anti-cholera scium.^ 

It must be remembered, however, that failure to isolate classical 1. 
cholera may bo c.xpcricnced in a proportion of clinically declared cases even 
in time of epidemic. If the strain reacts negatively with anti-cholera serum 
It may be one of the paracholera group, and similar tests should be mad^ 
At post-mortem examination of a suspected case portions of the unopened 
bowel -omc inches long at the middle of the ileum and just above the i eo- 
cmcal valve should be ligatured off and transmitted for bactenplogic 
e.vnminatton. mmicrsed if necessary in sterile saline. 


OTHER VIBRIOS 

The cholera vibno belongs to a group of organisms vvhich 
in microscopic and cultural characters. Some of an 

produce disc.ise in animals, e.g. V. inetchnikovi originally iso a 
epidemic disease of fowls, some again have been recovere p 
or materials suspected of harbouring the cholera orpnism, ^ 
Prior’s vibrio (F />ro/ais) obtained from decomposing iJeces j (g, 

cholera nostras ; while others have been derived .'jf isolated 
Deneke's vibrio (F. tyrogenm) recovered from cheese, Jii er the 

from a carious tooth and probably the same as I. was 

importance of serological tests for the identification ° on for 

established, various cultural and biological i , resembles the 

distinguishing them. Thus while Jletchnikoffs vibno ^ ^ cholera-red 

cholera organism both in cultural appearances and m gJ 5 effects of 
reaction, it can be readily distinguished from the la . ^jfjtramasctfl^ 
inoculation in animals, especialljMn pigeons and '’f'jlQwed bysepti- 

inoculation of small quantities of pure culture in twentv-fo^^ 

caemia, which produces a fatal result usually '''Ll .j.f,fiucespr3rdc^‘^ 
Inoculation with the same quantity of the cholera vi r: ^ jletcfmi- 

no result , even with large quantities, death is rare ^ P- pV to those m 
koff’s vibrio produces somewhat similar effects in e g g^^epsive 
the pigeon, subcutaneous inoculation being followe beinfoo^ 

rhagic cedema and a rapidly fatal septicemia i oung 
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fay feeding with virulent cultures. Otganistns which are apparently the 
same as the Vtbrto inetchnkovt ha\'e been cultivated from water and from 
choleraic cases. Fmkler and Pnor’s (Fig. 104) and Deneke’s organisms 
liquefy gelatin rapidly and do not give the cholera-red reaction Certain 
vibrios isolated from water are phosphorescent in cultures growing at 22° C 
(V phosp/iorescens) Phosphorescent 
vibrios have also been found in the 
stools of cholera-like cases None of 
these organisms is agglutinated by an 
anti-cholera serum. Anaerobic vibrios 
have been isolated from the mouth and 
upper respiratory passages 

Vibrio fcetus. This organism was 
described by Theobald Smith as the 
causal organism of a form of infectious 
abortion of cattle It has also been 
found in abortion of sheep The organ- 
ism can be isolated from the placenta 
and the fcetus It is somewhat variable 
in morphology, and may appear either 
as a typical vibno about 2 ,i in length ^ 

or as a spirillum inth 2 to 4 complete a twenty -Jour hourj’ agar ^ culture 
coils It IS motile and has a dagcllum 
at one or both ends. The staining 
reaction is Gram-negative In cultural characters it is micro-aerophilic. 
and when hrst isolated can only be cultivated inth difficulty The addition 
of a few drops of defibnnated horse blood to the condensation water of 
an agar slope permits growth in the fluid After repeated subculture a 
delicate surface growth may be obtained The organism does not exhibit 
any fermentative properties Laboratory animals arc not susceptible to 
experimental inoculation. 

VlbrlQ jejuni has been found associated ivith a diarrhccal condition ofcous in America 
It revemhlcs V /irlus and is biologaalfa relate«l to it 


i4 


dilute carbolduehsin. 
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specimen stnmcd with methylene blue, the fully developed spores are m 
coloured except at the peripher,-. so that the appearance of a Sl L v 
Produced ; ,I a powerful stain such as carbol-fuchfn be apphed (o“o^ 
the spores become dccplv colnitr/'c? KT.., at - ’ 


ni 


, . lu ue lound, the 

itdving no distinctive features. 

CULTUKAL A>JD I^IOCUEMICAL CHARACTERS. In fhc 
case of the ordinari' me<lia crov^-fH ’ 





'•* It IS only necessary to heat 

it at 100® C. to expel dissolved oxygen and-then on 
inoculation an abundant growth of the bacillus results 
: I ■ cooked-meat medium the tetanus bacillus, like other 
I ■ anaerobes, will grow without exclusion of air; this is 
due ■ to the rcrlucing action ,of the particles of minced 
meat It grows best at 37° C. The minimum grouth 
temperature is about JJ® C., and below 22° C groulh 
takes place very slowly. In glucose gelatin stab'culture (in 
winch growth is often difficult to obtain) there cm- 
menccs. an mch or so below the surface, a growth 
consisting of fine straight threads radiating out from the 
uirc track (I^g. 109), and rather longer in the lower than 
m the upper parts of the tube. Slow liquefaction of the 
gelatin takes place, with slight gas formation. In agjr 
ttab culture the growth is somewhat similar, there being 
a slightly nodular line of growth along the uire trad, 
with irregular short offshoots passing out into the 
medium (Fig. U9. A) and slight 
formation of gas On anaerobic 
agar plates colonies ha\'e a 
feathery outline (Fig 110) anti 
consist mainly of long branching 
processes which tend to spread 
the growth over the surface of the medium (Non- 
motile variants may yield well delimited colonies 
without these branching projections.) In fiuid 
media under anaerobic conditions there is at first a 
slight turbidity, and later a thin layer of a powdery 
deposit on > the walls of the vessel. Meat medium 
undergoes little change in colour, but there mai 
be slight digestion and discoloration of the meat 

Coagulated serum is softened but not liquefied 

On blood agar hajmolytic zones develop round the djcih"’ „ 

colonies None of the sugars commonly usefJ are g^obso agir 

fermented. All the cultures have a peculiar jdour da« old ^ , 

of burnt organic matter In making subc* itures should be 

in fluid media a considerable amount of the original grow 
for the inoculation. 

IsotaUan of pure cutlures (I) Advantage may be ind^jncubated at 3< C 

.spores to heat A tube of cooked-meat medium is inoculate . hacilh can often 
for forty-eight hours, at the end of which time three-<J“^'’^^'’® 

observed microscopically The culture is then kept at 71) 


lio UJO Slab cub 
lure ol the tetanus 
bacillus in elucose 
gel.iiin, snowing 
ihe lateral off. 
shoots (after Kit.-!, 
sato) N.-itural 
sue 
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one hour, with a view to killing all orgamsms except spores From such material 
anaerobic plate cultures are prepared by the methods described in the Appendix This 
method oi isolation is frequently unsuccessful, because along >vith the tetanus bacilli, 
both in its natural habitats outside the body and in the pus of wounds, other spore- 
forming obligatory and facultative anaerobes occur, which grow faster than the tetanus 
bacillus, and thus overgrow it 

(2) A method recornmended by Fildes depends upon the fact that under suitable 
conditions B tetam grows as a spreading film on solid medium and extends beyond the 
growth of other organisms With material frotn a case of tetanus it is advisable to enrich 
the growth first by inoculating a tube of freshly boiled blood broth, which is incubated 
anaerobically at 37° C for two to four days Then from this culture the condensation 
water of a sloped tube of digest blood agar is oioculited aod the tube is incubated an- 
aerobically at 37° C After twenty-four to forty-eight hours the extreme edge of the 
film oI grow th. seen w ith a hand-lens as a tangle of extremely fine filaments, is found on 
microscopic examination to consist of a culture of the tetanus bacillus, subcultures 
from the margin yield pure growths of the organism The detection of the edge of the 
growth IS facilitated by using agar tubes which have been kept until the medium has 
become slightly dry at the top Tlic only organism which is likely to spread as extensively 
as li tetam is B proteiis The latter can be eliminated by heating the mLxed growth 
containing spores of B. felani 

ViABii-iTV The organism possesses a ver>' high degree of resistance to 
pIijsicaLand chemical agents in virtue of its spores These often wnthstand 
bovUng for forty to sivty minutes , but in some cases they may not survive 
for ten minutes They can be kept m a dry condition for many months 
without being killed or losing their virulence They have also high powers of 
resistance to many antiseptics , for exampJe, they withstand 5 j>er cent 
phenol and 1 m 1,000 mercuric chloride for two weeks or even longer On tlie 
other hand, a 1 per cent watery iodine solution or hjdrogcn peroxide (10 
volumes) destroys them within a few hours 

Occurrence m Nature. Dy inoculation of animals (vtde tnfra), B tetam 
has been proved to be frequent in richly manured soil, e g. garden earth , it 
also occurs in street dust It flourishes in the intestines of many — especially 
herbivorous — animals and sucli carriers are responsible for distributing the 
spores in nature Kerrin lus demonstrated the organism in a variety of 
animals rat, dog, rabbit, gumca-pig. mouse, horse, cow, sheep, pig It has 
also been recovered in some cases from the intestine of man In soil the 
organism occurs in the form of spores, and it is doubtful whether tlic tcfaniN 
bacillus can exist as a saprophyte In turn spores from the sod are ingested 
by animals and germinate in the intestine It is not definitely known vviietJicr 
tJic earner state m animals is transient or permanent. 

Relationship to Disease and Pathogenic Meets. Tlie proof that the 
tetanus bacillus is the cause of the discaw: is complete, since pure cultures 
reproduce all the ch.iractcnstic effects Failure to isolate it from some cases 
of the disease is very probably due to the small numbers in which it some- 
times occurs The tetanus b.icillus b\ itself lacks the {xiwer of invading the 
tissues It obtains a foothold only under favouring conditions such as arc 
affordeil b\ a mixed infection, the presence of foreign matter or necrotic 
tissue That this is the case first apjicarcd from cvpennicnts of t'aiJIard 
and others m winch tlic spores frcc»J front toxin bv heating at bO' C were 
in jci ted Tiie animals remained hcaJthv, but the sjwes {lersistcd in a In mg 
state for a considerable time, and tetanus was set up m guinea-pigs when 
after vome weeks, siaplivkiccKCi were injected subciitancousli' into tlic same 
'itc as till* sjHircs smiilarlv m rablnts after intrnscnous injection of siuh 
di f<i\u atiil sjKires a simple fr.itliirc of the femur caused the disr.icc to 
ileveloji Vadiard and his co-workers al-wj noted that It pmlictasus, variotn 
icroim "Oil organisms, and imxlurcs of psogenic organisms mjecictl along 
wuli It Utjni sjvtres led to the ilevifopmcnt of tetanus flie mjcctiim of 
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sterile soil favours the germination of these spores in the tissues, and Bullock 
and Cramer have attributed this effect to the lonisable calcium salts in the 
soil, \anous chemical substances (such as those capable of dama-iug or 
devitalising the tissues) have also been found to promote tetanus nkn 
injected along with spores, €.g. quinine, lactic add According to Tulloch 
the tosin of B. tiWc/itV exerts a marked effect in predisposing to tetanus uhen 
B. tetani spores are injected. The iactors that promote the development of 
B. tclani in the tis-sues have been studied by Mackie, McLachlan and 
Anderson, wlio found that certain animah/e.g. mice, can resist massive doses 
of S]x>rcs per sc ; small doses, }jott-evcr. when injected along vith suWethal 
doses of B. ivclchu^ B, oedeimtiens, B. colt, or Staphylococcus aureus, ire- 
quently produced tetanus in these animals. Exposure to cold also precipi- 
tated tctxinus in animals even a considerable time after inject ion of the spores 
Eaillard and his co-workers attributed the non-pathogenicitj' of B te/a/u 
spores to their being rapidly phagocytosed in the health)* tissues, and 
assumed that tliosc factore which interfered witli this protcctis*e mtchaalsm, 
pj'ogenic infection, would favour their development in the body. Fiides 
has chiimcd that the failure of the spores to germinate is due to the ujilavour- 
able oxj’gen tension of the healthy tissues, and that germination, with 
resultant tetanus, is dependent on factors producing tissue asphjxia Th? 
inhibitor)’ and adjuv’ant factors concerned are probably complex'/ and depend 
not only on ph.agocytosis and the oxygen tension of the tissues, but also on 
the parasitic properties of the organism and the various defences of the 
tissues. In experiments on tetanus folloxving vaccination Armstrong found 
that when the site of inoculation with a mi.xture of vaccinia virus and ^ 
tetam spores was kept covered throughout by an impenneable dressing, tne 
majority of the monkeys and rabbits so treated developed tetanus, bo 
when the inoculated area was freely exposed to the air after the hist eigatee ^ 
hours, the occurrence of tetanus was exceptional. There may ^ 
long period of Latency of spores. Thus the organism has been 
from the tLssue of an abdominal scar of a woman \'.bo 
years previously from tetanus foHoiwng a gynmcological operation (oo . 

Tetanus bacilli tend to remain localised at the site of entry in ® 
and the toxin which they produce is absorbed and acts on the cen ra 

(a) The disease as artslag naturally- The spasms early afiect 
muscles of the trunk (descending tetanus). There is in 
wound, often of a ragged character, which has either been ^ . j 
soiled with earth or excretal matter, or which has become for 

these substances and which consequently shows 
example, tetanus has followed wounds reedv^ from toy 1“^ some 

cartridges having contaminated wads It is important to 
cases the wound, through which infection has taken place - it [tisy 

in fact, may consist of a mere abrasion ; especially 
possibl j' be merely thp bite of an insect. In some parts o , new^i'' 

through the umbilicus originates a high mortality from , j 
born infants. The absence m many cases of an , following 

has given nse to the term ‘ idiopathic ‘ tetanus. In te 
operation wounds, imperfectly sterilised, catgut bga ^ jub- 

been the source of infection. Suigical catgut being P P 
mucous layer of sheep's intestine, the raw matenal is i ^dchu- a'’ 

svith the spores of B. tetani andothariotestmalanaero • ' 
as a result of the spinning process these spores may o 



THE SPOKING ANAEROBIC BACILLI (CLOSTRIDIA) 421 

the ligature. The resistance of B tetam spores to various physical and chemi- 
cal agencies has beeen mentioned above, and in the past imperfectly sterilised 
catgut ligatures have not infrequently been used for surgical purposes ^ 

During the war of 1914-18 tetanus m the wounded assumed a certain 
degree of prevalence, but the clinical type was modified in consequence of 
the wide application of the prophylactic injection of anti-tetanic serum {itde 
infra) In the first place there was a tendency to the prolongation of the in- 
cubation period, instances where this ivas extended to many months being not 
uncommon In such cases there was usually an unhealed septic Mound, 
often containing foreign bodies, and the attack of tetanus was sometimes 
precipitated by operative procedures , in some cases the uound had healed 
and tetanus followed operation for the removal of foreign bodies in the 
tissues Again the disease tended to assume the type seen in some animals, 
the muscles in the neighbourhood of the wound b^ing first affected , local 
hardness and stiffness, pain, and exaggeration of local reflexes were often the 
first, and sometimes the only, clinical phenomena Such cases of tetanus 
were also apparently more amenable to treatment with anti-tetanic serum. 
In the recent war the incidence of tetanus in British troops was remarkably 
low Active immunisation with tetanus toxoid (vtde tnfra) and the prophy- 
lactic use of antitoxin contributed to this result. 

The pathological changes found post morUm are not striking There may 
be hsemorrha^es in the muscles which have been the subject of the spasms 
These are probably due to mechanical causes In the nervous sytem the most 
noticeable feature is the occurrence of irregular patches of slight congestion 
which are not limited particularly to grey or white ihatter, nor to any tract 
of the latter These patches are usually most marked in the grey matter of 
the medulla and pons Microscopically there is little of a definite nature to be 
found There is congestion, and sometimes minute hemorrhages The 
ganglion cells may show appearances which have been regarded as degenera- 
tive in nature, and similar changes have been described m the white matter 
The only marked feature is thus a vascular disturbance in the central nervous 
system, \Mth a possil^le tendency to degeneration m its specialised cells 
Both of these conditions are probably due to the action of the to.xm of 
the bacillus In the other organs of the body there are no constant 
changes 

(Ji) The artifictally-produceil disease The disease can be communicated 
to animals by any of the usual mcthocK of inoculation, but does not arise 
from feeding with the bacilli, whether these contain spores or not In mice, 
after inoculation with a small dose of a broth culture, symptoms appear in 
a da\, and death occurs in two or three days Gumoa-pigs and rabbits 
rccjuire larger doses, and dcatli docs not occur so rapidly Usually m small 
animals injected subcutaneously m .» limb the spasms begin m that limb near 
the point of inoculation and this is the nilc xshen the inoculation is intra- 
muscular (local tetanus) Later the condition e.xtends to other muscles and 
mas become generalised (ascending tetanus) In the case of inoculation 
intr.is cnoush or into a non-muscular region, the spasms begin m the extensor 
musiics of the trunk, as in the natural disease in man (descending tetanus) 
After death there is found, .it tlie scat of incKulatiun, slight Inpcr.emia 
without pus formation I he b.icilh diminish in number, and ma\ l>c absent 
at the tune of death The organs gcneralK show little cliange 

Kitas.it<> st.ued that in his earlier expenments the ijuantit\ of culture 
medium in)c< ted along with t!ic l>.icilli aircadv tont.aincd enough of the toxin 

' rill sit rihtv III surc'K.al catgut tftiuw c<intrull«<l iti thiacountr) under the pro\ isir^ni 
.a th> Thrf.ijwiita Sul'st.inces Xtl 
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- ‘I’-'' *" symptems carac on sooner (kn 

b} tlic injection ol spores freed from toxin, and wore, therefore, doe to lie 
tONin nlrrady jircscnt. In Ins subsequent work, he emjilojed splinters of 
wood soaked iii cultures in wliicli spores were present, anil subsequently sob- 
jeeted for one hour to ,a temperature of 80” C. The latter treatment not oii/y 
killed all the vcKCtativc forms of the organism, but was sufficient to desiro ■ 
the .ictivity of the toviii. When such splinters were introduced subcutan- 
eously, death resulted from the development of the spores which theycamd 
In this w,-ty he completed the proof that the bacilli by themsehes can torn 
tvxin in the Inxly and produce the disease. 

Toxin. Tlic toxic projicrtics of bacteriuw-frcc* filtrates of pure cultures 
of tlic // Mfvrt were investigated in 1891 by Kitasato ^Yhcn tlie filtrate, in 
suitsiblc (loses, was mjeclcil snbcntaneotisly into mice, tetanic spasms 
vclopcd first in muscles contiguous to thc$itc of inoculation and later all over 
the body. Oenth resulted He found tJiat guincsi^pigs « ere more susceptible 
tUau mice, and rabbits less so. The tovin is easily injured by heat ; e.vposure 
for a fesv minutes at f)5’ C dcstroysit ; it isafsodestroyed bytuentyminutes’ 
e.vptjsurc at fUr f , and by one and a half hours' at 5y* C. It is destroicvi 
by various cheniirnh such as jiyrogallol and acids, and also by sunlight 
Toxin IS verj’ stable when <fncd. 

To pre|wrc the toxin, freshly made veal broth not too long avtpda'ieA 
should l)c used, aiul a massis'o inoculation made, preferably from a fluid cul- 
ture Individual strains of the bacillus differ in their capacity for producing; 
toxin The c ulture must be incubated under anaerobic conditions, and the 
mavinnim to.xicitv is dcvclo|)cd in from five to fifteen daj’s Behring pointed 
out that after the fdtratfon of caltiircs containing tovin, the fatter may wiy 
rapidly lose Us power, and in a few das's may only [lossess 1/IOOth of its 
original toxicity This is due to such factors as temporature and hgM. 
cspeciaJJr to the action of oxygen When dilutions of toxin are to be pre- 
pared, brotfi shoiilil be used and not saline •vvhic!li leads to rapid detenoratiofl 
To.xin ma\- be preserved by precipitation 'Wth ammonium sulphate, 
precijntato being dried and kept as a powder. The infect of ' 

e g form.ildelivdc, on the crude to.xin is to form toxoid, similar to tw p 
duced in the ease of diphtheria to.xin , and it is also true here that t e o\ 
while losing its to.xicity may still retain the power of producing ^ 
against the potent to.x'in Further, it has been shown that such ^ru e 

max- c .nbstanccs. Ehrlich 

beside 

there -x , 

of red blood corpuscles of certain species ‘tins nrEmoi}nv. 
tdanolysiu. It docs not occur m all samples of crude V 'orcelam 

found when a broth culture of the baciHui. is filtered , 

Tctanolysin also has the power of originating an antitoxin, . 
anti'tetanic sera can protect red Wood corpuscles j..combia«d 

protective effect can occur even when the corpuscles na\ fgtanol)Sva 

xrith the lysin. flfadsen. studying the interactions ^tedsimibrto' 

with the tctanolysin, showed that phenomena can be aem 
those noted by Elirlich as occtimng with ‘."I'osiii ItowW) 

interpreted as indicating the preanw of f Senem ed ^ [tii 

cilide poison A leociicidin has also been Jvetl caiwresof 8 

imnortant to note that the toxin may not be found invohed 

((X- along xvith other organisms (TuUoch). P into wvo^ 

the production of a verj' active tcuan ^ /°Lained such a prodw^^ 

io: use in immunisation. aiueHer and idiller have ob 
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by growing a highly' toxigenic strain of B Mam in a medium containing a 
mixture of ox heart extract and autolysed pig’s stomach. 

The toxin is one of the most powerful poisons known. Even with a crude 
ammonium sulphate precipitate from cultures in broth the fatal dose for a 
mouse is often 0 0001 of a milligram If the susceptibility of man be the same 
as that of a mouse, the fatal dose for an average adult would be about 0-5 of 
a milligram Animals differ very much in their susceptibilities to the action 
of tetanus toxin According to Fildes’ computation, if the M L D per gram 
weight for a horse be taken as unity, that for the guinea-pig would be 2 times 
the amount, the mouse 4, the goat 6, the rabbit 24. the dog about 300, the 
cat 2,400, and, according to v Lingelsheim, the goose, 12,000, the pigeon 
48,000, and the hen 300,000 These figures, however, may be affected by 
various factors such as the individuality of the animals, their age (the 
younger being more sensitive), etc Also, when different specimens of toxin 
are tested in parallel in the rabbit and the mouse, it is found that the ratio 
of the lethal doses per unit weight in the two species may vary 150-fold , 
this suggests strongly that toxic filtrates contain multiple lethal factors (see 
Smith) While m a number of animal species the lethal dose of toxin is 
practically the same on intravenous, intramuscular, or subcutaneous adminis- 
tratibn (van Genderen , Abel), on the other hand, different species vary m 
their sensitiveness to intracerebral injection. Thus the fatal dose of toxin 
for the gumea-pig is not smaller when it is mjecterl intracercbrally than when 
given subcutaneously In the rabbit, however, a much smaller dose of tetanus 
toxin proves fatal when injected into the brain than when given subcutan- 
eousl> This probably depends on the relative affinities of different organs for 
the toxin 

Little IS knowm of the nature of tetanus toxin Uschinsky found that the 
tetanus bacillus can produce its toxin when growing in a fluid containing no 
protein matter Eaton and Gronau have describe a method of purifying 
the toxin by precipitation with ’ . . • . . . , . . 

diphtheria toxm Crude toxin 

M L D yielded after punficati “ 

Willie practically all the N in a pwnficd diphtheria toxin is precipitated by 
trichloracetic acid, only 8 to 18 per cent of the N in purified tetanus toxm is 
so precipitated Recently Pillemer and associates hax’c obtained a ciystalline 
product winch in relation to its nitrogen content, is fully 200 times more 
toMC than the above They precipitated Mueller's preparation of toxin 
with 4f) per cent methyl alcohol at —5'’ C andapHofo2, the precipitate, 
which dissolved in 0 15 M sodium acetate, was purified by repeated treat- 
ment m the cold with varying concentrations of alcohol at an acid pH. 
so that the toxin appeared in the supernatant or the precipitate according to 
the conditions Finally tlie toxin was repeatedly recrvstallised from solution 
by addition of 25 per cent alcohol at —8* C and a pH of 5 1 The crystals 
disintegrate quickly at temperatures above —5“ C , they appear to cnnsI^t 
solely of protein. 

Non-toxic variants Fildes has shown that from typical toxigcniv strain^ 
non-toxiL vananti, may be dcvclojicd . and non-toxic forms identified ax 
tetanus bacilli b> serological criteria have been isolated by v’anous workers 
from different sources, though they arc apparcntlv most fre«iucnt m sod 

rctaiius toxin is readily absorlxxl and prwiuccs Us rharactcnstic effects 
when injected subcutaneously, intramuscularly , intrav cnoiisly , jntrajwnlone- 
alh . or intrafliccally But il is not absorbctl when placed on the surface of 
granulation tissue, e m a wound a week old That the toxin is not destroy c<l, 
however, is shown bv the fact that if later the granulation tissue is hrokin 
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do™ mechanically, absorption occam and tetanus develops. In the healthi 
ailmentary tract toxin does not lead to tetanus ; this is probably to li 
accounted for by non-absorption as well as by its destruction. In human 
cases It has occasionally been demonstmted in the blood and the cerebro- 
spinal fluid. 

A striking feature of the action of tetanus toxin is the occurrence of an 
incubation period between its introduction into an animal’s body and the 
appearance of symptoms. This \’arics according to the species of animal 
emploj-ed ; on subcutaneous injection in the guinea-pig it is from thirteen to 
eighteen hours and in the horse five days. Increase of the dose, however, 
within limits shortens the incubation; In man the inteia'al betiveen the 
injury and the appearance of tetanic sjTnptoms is usually from two to 
fourteen days, but this period may be lengthened, and the bacilli or spores 
may remain a considerable time shut up fn a wound before producing effects. 
The longer the incubation period and the more slowly the reSex muscle 
spasm becomes generalised, the more favourable the prognosis. In chrome 


cases spontaneous recovery is not uncommon. 

With regard to the action of the toxin, it has been shown that when a 
minimum lethal dose is introduced directly into the blood stream, it dis- 
appears rapidly from the circulation, or when injected subcutancouMy it 
cannot be demonstrated in the Wood at all This, no doubt, is partly due to 
its passing into the IjTnph, but mainly to its combining with certain 
especially the central nervous system, and the latter has been found to 
toxin tu vitro. But when a largo amount of the toxin is injected into the Iwdy 
or produced there, it circulates in the blood stream. Accordingly, d is a 
point of practical importance to ascertain by lest that all antisera 
for therapeutic use are free from tetanus to.vin Neglect of this precaution 
led to fatalities from the employment of the serum of horses \vUhdra\vn uun s 
the incubation period of tetanus. The toxin has an effect on 
nervous sytem which can be clearly demonstrated 
into the spinal cord After an incubation period which is much short 
when the toxin is injected by any other route, tetanic spasms s ar 
muscles whose nerve supply corresponds to the site of 
spread to other mnsc&s as the toxin diffases m esxrd a e ^ 
due to the raised excitability to afferent stimuli in the mo or c ^ 

anterior cornua. According to the earlier ini-estigators (Mane a • 

Meyer and Ransom; Permin ; and others), the local ^ tjic 

ivholl}' explicable on this basis, the toxin reaching the coni > ' , 
motor nerves. Recently by theuse of x^^'.-ejectn'eiv the 

have confirmed that toxin injected intramuscularly anec side, even 
responses of the related segments of the spinal cord on toxin 

when no local tetanus is produced. The precise mode ® a\ia 

in the nerves remains doubtful, hovvever. According ° ° held that the 
cj'linders are the conductors ; on the other hand, it nas 
toxin ascends in the neural lymphatics or tissue ._Qj.(j,ng to Abd 

routes there appears to be no anatomical mifial 

and others, the local muscular contraction, which is e 3 minute 

in ascending tetanus and which also follows the direc inj actioti of 

dose of toxin into the substance of a muscle, is dae qq the 

the toxin. But the occurrence of local spasm ^ ^ . cord by 

intact condition of the connection of the muscle wi , injeeboa 

means of the motor nerve. When the nerve is , spasm. Ibirvev 
of toxin into the corresponding muscle dote not pr 50 on eno^S 

has shouTi, however, that if toxin is injected into i 
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after the nerve is cut, i e while the motor-nerve endings are still intact, 
rigidity is' produced. On the other hand, when spasm has become fully 
developed, section of the motor nerve no longer abolishes it. Abel staled 
also that the injection of a considerable dose of tetanus to.xin into the 
sciatic nerve of a dog is not followed by tetanus, either general or local, 
pro\ided that leakage of the to.xin into the surrounding tissues is prevented 
In the light of this work the general muscular spasm of descending tetanus 
is accounted for by the diffuse action on the central ner\'ous sj’stem of tovin 
conveyed to it by the circulation Friedemann and his co-workers disagree 
wath the views adopted b}’ Abel Thej' consider it unlikcl}' that the tovin is 
transmitted to the central nervous system by the circulation, since after intra- 
muscular injection tetanus is produced in animals havnng a high concentration 
of antitoxin in the blood They have showm that when the toxin is injected 
in the hind limbs a much larger amount of antitoxin (injected intravenously) 
IS needed to prevent tetanus than when the toxin is introduced intravenously 
Morco\er, severance of the sciatic nerve on the injected side annuls this 
difference This supports the original vieu that the tovin is absorbed along 
nerve routes These and other e.xperuncntal results have led Friedemann 
and his co-workers to conclude that tetanus to.xin cannot reach the central 
nen’ous system through the capillaries and that it is entirely absorbed along 
the motor ne^^•es It is difficult at present to reconcile such conflicting 
findings and views, and the question anses whether transport of the toxin to 
the central nervous sjstem may be possible by both routes, neural and 
circulatory 

In addition to the action on the cord, the to.vin affects the brain, which 
probablv explains the general convulsions also ch.-iractcristic of the disease 
This has been shov-Ti by injecting tovin into the vitreous liumour of rabbits 
whicli had prcvioiisl> received an intravenous injection of antitoxin The 
animals developed general convulsions with practically no tonic sj>a«m 
(Permin) According to Slicmngton’s investigations, disturbance of re- 
ciprocal innervation also occurs from the action of the tovin on the brain 
Thus, stimulation of an area of the cerebral corlcv winch m a healthj animal 
causes opening of the mouth— due to contraction of the dcjiressors of the 
jaw accompanied by relaxation of the elevators — m a tetanic animal leads to 
trismus, since the normal inhibition of thccloMiig muscles which form tliemoro 
powerful group, is now com erted into stimuhition An injection of tovm into 
the po'^lenor none routes between the ganglion and the spinal cord dws not 
produce tetanus, but causes se\cfc spasmodic pains {tdauus dohrosns] 

Tetanus toxin, in addition to acting on the central ner\ ous si stem, mai 
injure other organs such a.s the liver, which has been found affected in animals 
living m the course of active immunisation against the tovin Sonic influent e 
on general metabolism would explain also the intense wasting whtth occurs 
in subacute ca«es of tetanus intovication in man and animals in spite of free 
int.ike of food 

Immunity— Tetanus Antitoxin. It was in the case of tet.iiius tovin that 
antitovic immunity w.is first demonstrated bv Bchnng and Kitasato, who 
found that a degree of iininumtv could be conferred b\ the injection of v erv 
sni.ill .md progfCssivcIv increasing do«es of tetanus toviu Sub-cquent work 
has shown that tlie richer a crude tovin is in tovoid, the more U'.efiil it is for 
imnnmK.vtion procedures In fact it is doubtful if small amm.iU lan ho iiii 
nuiiii'od .It all bv fresh filtrates In some cases tlic injection of non-Icth.il 
d()sc-s instead of commencing .in immiinitv actualh incrcastv; the susiepti- 
bilitv of the animal .\ccordiiiglv . toxin modified b\ the action of nxhnc 
truhloridc w.is onginall) U'C<I It is found that the greater tlie dtgre*- ol 
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the natural susceptibility of an animal to tetanus, the easier it is to obtain a 
serum of a high anti-tetanic potency. The horse is, therefore, a most suitable 
animal and is usually employed. While tetanus autitocin Mr^S 
present naturally in (he Wood of cattle, sheep, and goats, it is generally absent 
irom man, horses, pigs, and dogs. 

For the immunisation of horses toxin-antitoxin mixtures or forrool- 
toxojd may be injected to begin uith and then, after an interval, to\m 
I he serum of such immune animals possesses the capacity of protecting 
animals susceptible to the disease against a subsequent injection of a fatal do«e 
of tetanus bacilli or toxin. Further, if injected subsequently to infection, the 
serum can m certain cases prevent a fatal result, even when sj’raptoms haie 
begun to appear. The degree of success attained depends, honeier, on the 
shortness of the time which has elapsed between the injection of the bacilli 
Or of toxin and the injection of the serum With animals in which sjmptoms 
ha\'e fully manifested themselves only a small proportion can be saved As ^ 
with other antitoxins, there is no evidence that the anti-tetanic serum has ani 
antagonistic effect on the baalli It only neutralises the effects of the toxin 


f 41.. t. .t. ..i. B^hnsj 

m wiH protffij 
icilks « Wmi 

The r^ethod roa\ used is similar to that fordiphthena.antjtovin {vine uiaptcr lU). 
being generafiy us. ’ *"*'• 

toxic serum is pres< 
of telauus toxin . 

moTuum sulphate and preserving the dried product, or by nu-xing me iveiu • • 
an equal volume of glycerol and keeping in the cold. The t c-xm is complex {sec abe' e) 
ditterent preparations contain varj'ing proportions of the lethal components For ta» 
reason the titrations of antitoMn mth different test to.xins or in different Bnimai 
mfh the same toxin, tend to >'jeJd inconsistent results {see Petrie; Smith) The 
toxin prepared from a single strain of B Ulant by a standard method has been r« o 
mended as a means of mminusing such discrepancies (Ipswi) u 

antitoxin are injected subcutaneously, and either the greatest amoutit of *he 


determined uhich fails to prevent death in four days, or. preferably, the **®***?^| 

' '-■e strengthen the antitoxin 

.. t*.»»Tr>ationa! Lfllt (' * I 


which prevents rhe appearance of tetanus The strength of the antitoxin b 
in terms of units In this country the unit now used » the InWMbona _ 
adopted bj’ the League ai Satioas, this amt is half of that detern’ined ^ ^ 
practised in the U S It represents the specific neutralising activitj 
0 1547 mgm of the present standard antitoxin. 

The Therapeutic Use o£ Tetanus Antitoxin. As the resuh of h^ 
ments, Behring aimed at obtaining a curative effect m the 

_ u. - rlorived ffinl wrK“ . 


occurring in man, by the use of antito.xic serum derived jjjere 

-r., , , . f therapy are. hrst. mat 


The essential factors for the success of serum therapy a.e, ‘ anJ 

should not be the least unnecessary delay in Thi? lia^ 

secondly, that the antitoxin should be given <n proper at , . ' (Jir 
been demonstrated clearly by expenment , ,.hen 

amount of antitoxin sufficient to save the lif- of a ° jud 


amount ot antitoxin sumcieni to save ^ toxin)' 

under the skin simultaneously, but at another site, one-lenlh of 




sufficient to kill an umicatvu , — - - when — , 

amount of serum sufficed to neutralise 100 f« afdoseso 
antitoxin were mixed together tu vit/o pno „hen injrctc^* 

times as raucii serum iv.« required to save symptoms 

Wenty-Iour hours after the toxin. 1 1 at -^ spijiy disapF»'* 

had already appeared. As has been see , ‘Jk is still ep 

the blood stream . but even after Pe, the anl'tosm a" 

point capable of e,xerlmg a curative < (tect » "1 “ cells n. ' J" 

bv causing dissociation of toxin already , ,^„sly, intcamnsmb 

Tl... mav he eieen subculancousi,. 
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intravenously, or intrathecally by lumbar puncture In the first two methods 
absorption is relatively slow and in the third elimination is relatively rapid 
But by the intrathecal method the serum gams rapid access to the grey 
matter of the cord on which the toxin is exerting its specific action Sher- 
rington treated monkeys inoculated with tetanus toxin, after the develop- 
ment of symptoms, either by an intrathecal or an intramuscular injection of 
antitoxin and showed the great supenonty of the former method under the 
conditions studied It has therefore been recommended that the earlier 
injections ought to be given both intrathecally and intravenously, the latter 
route being chosen because antitoxin can be quickly administered, and as 
Henderson Smith has shown, a high concentration of antitoxin m the body 
fluids is Tnamtained for a considerable time , the neutralisation of toxin pass- 
ing out from a focus of infection is thus facilitated Later, injections should 
be given by intramuscular and subcutaneous routes, the principle being that. 


the form of concentrated antitoxin), repeated doses being given for several 
days, 20,000 to 30,000 I U being given intravenously along with the first 
intrathecal dose, and a similar amount injected subcutaneous!}’ three or four 
days later Yodh has obtained good results from combined mtracistcrnal, 
intravenous, and intramuscular administration of the antiserum Though 
the evidence available is in favour of the combined intravenous and intra- 
thecal administration, some workers have advocated intravenous injection 
alone in massive doses, e g 200,000 units (see Cole) It is pointed out that the 
irritant action of the scrum administered intrathecally may be seriously 
prejudicial m cases of tetanus (sec Florey and Fildes . Paterson , Spaeth) 

The results of the therapeutic use of antitoxin in tetanus have not been 
so good as m the corresponding case of diphtheria The great difficulty is that 
an infection is not suspected till the tetanus Joxin has already begun to 
manifest its gravest effects, by which time the nerve cells may have been 
damaged irreparably In this connection the experimental results of Roux 
and Borrel should be recalled , they found that actively or passive!} immun- 
ised rabbits, which were protected against large doses of toxin given sub- 
cutaneously, contracted fatal tetanus after a small injection of tetanus toxin 
injected intracerebrally 

The Prophylactic Use o! Tetanus Antitozm. The practice of giving 
antitoxin prophylactically in every case of a ragged, unhcalth} -looking 
wound, especially when contaminated with sod. has been generallv adopted 
The principle had, for a considerable time, been appheil m connection with 
tJie injuries contracted during tlic Independence Day celebrations in America, 
of which tetanus was a not uncommon sequel . a very definite fall in the death- 
rate was thercbv effected It was dunng the war of 1014-18, however, that 
the success of proplij laxis was established Dunng the early months, in the 
tigliting on the Continent, tetanus was nfe — its incidence m the wounded 
brought to Britain being about sixteen per thousand After the autumn of 
101 $ jirophylartic injei tions of antitoxin were given to every wounded man. 
with the result that the corresjwndmg inadencc was reduced to two jicr 
thousand Originally the dose was the equivalent of 1,0(KI I.U . administered 
subcutnneousK , but now 3,OfK) I U arc usually given As passive immunitv 
isof relatively short duration, the dose should be rcjicatcd at seven-day s’ inter- 
vals. if the wound remains unhealed, till three doses have Iwcti giv en. Further, 
when at later jicrwls ojicratnc interference, even with hc.ilcd vvouniN. is 
ncccssarv. .i similar <lose should lie given, cither sulKiitaneouslv forty -eight 
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hours, or intramuscularly twelve hours, previous to the operation (care 
being taken to guard against anaphylactic sbocJc). The effects of the prophv- 
lactic use of antitoxin in modifying the clinical type of the disease have fcn 
mentioned already. (For combined active and passive immunisation viM 
\nfra.) 

Active Immunisation with Toxoid. This was extensively applied for 
prophylactic purposes in the recent \wir. In the British Army two doses each 
of 1 c.c. of a formol'toxoid preparation were administered at an interval of 
six weeks. In addition, at the time of wounding tetanus antitoxin was ako 
administered as a further prophylactic measure. In the North African 
campaign (1940-42) the incidence of tetanus was only 0T3 per 1,000 wounded 
among the actively immunised, as compared with 1-Gper 1,000 among those 
who had not been so immunised (Boyd and JfacLennan), Active immunisa- 
tion alone may fail to confer protection either because the indiWdual has 
responded poorly to the two doses of toxoid or because of an overuhelming 
infection due to the organisms multiplying in a mass of necrotic tissue. 
Infections of tetanus toxoid as a rule cause verj^ little disturbance. 

Serological Types oi Tetanus Bacillus. Cultures of tetanus bacilli which 
have been washed and heated to deprive them of toxin, when injected info 
rabbits, lead to the production of agglutinins. By this means it 
showTi that the organisms /all into a number of serological types (TuIIoch), 
It is to be noted, however, that there is no difference in the toxins of the 
different types, as an antitoxin developed by one type neutralises the tovn 
from other types. Serological differences among strains depend apparen } 
on the H or flagellar antigen. ■ , > u ,'n 

Bacteriological Diagnosis. The occurrence of 'drumstick . 

stained smears of the discharge from a wound or in necrotic tissue s 
from its margin is suggestive, but other organisms with „ 

may occur (McIntosh), Again, the tetanus bacillus m ^ / 

condition is not characteristic in appearance A much 
diagnosis is the production of tetanus by 
of pathological material directly from the 

fluid anaerobic cultures. The latter, ho , ^ the 

when there are other organisms present beside B. tetant. ^ p^..jatPS or 
organisms should be isolated in the pure state by cu 
excised tissues from the wound by FiWes' method. It iiW'I'-’ 

however, that these procedures take too long a time to a c , shouW 

for administration ofantitoxin. The history of a contaminated wo«n 

be the'mdication for treatment. , „h'rtn of 

Further details regarding the bacteriological " nrp triicn f^ter 

for sporing anaerobic bacilli, including the tetanus aci u . 
under Gas Gangrene. 

BACtttUS BOIULDTOS (CLOSTRIDIUM «, 

One form of ‘ meat-poisoning ' was showm by van 

be caused by the toxin of the anaerobic bacillus to w .,jg liJm, thf 
BactUiis botuh>ws He cultivated the organism " ‘ i of ca>cs, 
ingestion oi w>jich m the raiv condition had ja the ordin^ 

of them fatal. The ham did not sboiv signs of deco p ^'*^‘1 » 

sense The symptoms closely corresponded ^ : ^5,^ toxin ‘‘ 

'sausage-poisoning and cases of ’« eronr- 

fiofi(Utius are now designated ’ botnhsm ' 

"in wf ' ' ■* *■’“ *' 


'symptoms are referable to the ncrious 


system, and i 
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symptoms have been experimentally produced by means of cultures of the 
bacillus or its toxins The chief symiptoms of botulism are disordered 
secretion in the mouth and nose, more or less marked ophthalmoplegia 
externa and interna (dilated pupil, ptosis, etc ), dysphagia, and sometimes 
aphagia with aphonia, marked constipation and retention of urine, and in 
fatal cases interference with the cardiac and respiratory cent res Along with 
these there is practically no fever and nd interference with the mental 
faculties Vomiting may be an early’ symptom The symptoms commence 
in the human subject usually twelve to twenty-four hours after ingestion of 
the poison A considerable number of cases of botulism have now been 
reported m America, the chief source being home ‘ canned ’ meats and vege- 
tables, which have been contaminated by the bacillus and in which it has 
grown and produced toxin. It can also flourish in meat pickled in brine if 
the sodium cblonde content is tuider 8 per cent A few small outbreaks have 
occurred m Great Bntain, the source of the toxin being obscure in certain of 
those. B batulinus has been cultivated from the intestines of animals, and 
it has been found to have a wide distnbution in America in soils, both arable 
and virgin. It has also been found in soil from vanous parts of the Continent 
and Great Britain 

. Several different types of B hoUtUmts occur in nature Two types desig- 
nated A and B were first separated by the immunological differences of their 
toxins {vide infra) , both cause botulism in man A third type, C. was later 
defined, also D and E C and D arc associated with disease m vanous 
animals , E has been responsible for human and equine botulism It has 
been found that in the eastern states ot Amenca most of the outbreaks have 
been due to type A, whilst in the western states type B has been more 
frequently found A similar result has been obtained with regard to the 
distribution of the two types in the soil in these regions. 

Microscopic Characters B boiultnus is a bacillus of considerable 
size, measuring 4 to 6 /« m length and 0-9 to 1 2 /» in thickness , it has some- 
what rounded ends and sometimes is seen in a spindle form. It is often 
arranged m pairs, sometimes in short threads It is motile and has 1 to 8 
lateral flagella of wavy form or they may be more numerous, according to the 
strain It stains readily with the ordinary dyes, and is Gram-positive, 
though not strongly so Spores are formed, which are oval in shape, terminal 
or subtermmal in position, and only a little thicker tJian the bacilli 

Cultural Cuakactfrs and BiociinMicAL Reaction’s. D boMinus can 
be readily cultivated on the ordinary media, but only under stnctly anaerobic 
conditions A cooked-meat medium is suitable for culti% ation The earlier 
workers reported a low optimum temperature (20® to 30® C ) for the 
strains thev studied , more recent obscr\’ations indicate a higher optimum, 
35° C Cultures in glucose agar resemble those of certain other anaerobes , 
there is abundant development of gas, and the medium ls split up in larious 
directions. In glucose gelatin stab culture a whitish line of growth forms ivith 
lateral offshoots, but liquefaction with abundant gas formation soon occurs 
In gelatin plates the colonies after font to six days arc somewhat cluaracter- 
istic : they appear to the naked cj’c as small semi-transparent spheres, and 
these on examination under a low power of the microscope have a yellowish- 
brown colour and are seen to be comiiosed of granules which show a streaming 
movement, cspcci.illy at the pcnpheiy On agar plates, surface colonies are 
large and irregular with a thick central nucleus, a thinner ixrnpherx’, and a 
fimbriate reticular liorder There « considerable vancty in the colons 
appearances, however. Die cultures hax-e a rancid, thougli not foul, odour, 
duo clucflj to the development of Imtvnc acid. Coagulated serum or egg' 
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whiie is liquefied by i^rpe A and some strains of B, though not by type C 
bimAaxly. m cookcd-}f}gai medttim typ^ A and some strains of B digit the 
meat and darlcen it ; type C produces no change. Types D and E Ire Jifce- 
wise non-proteolytic. The /<?rwe»/n//o« of sugan and other carbohydrates 
vanes with the type ; A produces acid and gas from glucose, salicm, maltose 
and glycerol, and sometimes from lactose but not from saccharose or 
mannitol : B differs in the absence of salicin fermentation , C does not fer- 
ment salicin or glycerol. {For reactions in milk medium see Table, p 451 } 
^’IAnrnTV. The spores ma}' in certain circumstances withstand moist 
heat at iOO'^C. for one to ax hours ; in the moist state they withstand lOT^C 
for fifteen to ciglity minutes and 1 15® C. for four to forty-two minutes 
(Dickson and others) They are usually killed at 120*’ C. withm five minutes 
The results of observations on the hcat-resistance of spores have varied 
somcwliat and apparently depend on several factors, e.g. the strain used, age 
of culture. iD’drogen-ion concentration of themedium, etc. ; further, only a 
small proportion of individual spores possesses the maximum resistance to 
heat . and results depend therefore on the number of spores in the test material 
Toxin and its Pathogenic Effects ; Antitoxin. B. botulinus has little power 
of flourishing in the tissues, %vhcreas it produces a very powerful filterable 
toxin when gro%ving m food-stuffs When a fairly large dose of tovin Is. 
injected subcutaneously in a guinea-pig, symptoms chiefly of paralytic nature 
may appear witliin about six hours and death follows withm twenty-four horns 
Posl mortem the internal organs show pronounced congestion often vnth 
thrombosis and fuemorrhages When the dose is sub-lethal a somewhat 
chronic condition may result in which local paralysis forms a striking feature 
The characteristic effects cau also be produced by oral administration of tne 
filtered toxin, though in this case the dose requires to be larger. 
other animals. e.g cat, monkey, etc . are also susceptible and exhibit t 
same effects as those in the human subject. It is noteworthy that this to\ 
resists the gastric secretion and is absorbed by the stomach and small in 
tine Without undergoing alteration — unlike the tetanus and diphtheria to\ 

As in the case of the tetanus poison, the potency of the 

the fatal dose by subcutaneous injection for a guinea-pig of 250 grms. » 

being in some instances 0-0001 c c of the culture-filtrate or even 

massive doses of toxin-free spores are given by the alimentary canal 

found that multiplication of the organisms and toxin ...t.pcf 

m certain cases, but there is no evidence that the disease in the hu , 

is produced in any other way than by the ingestion ° 

toxin in the contaminated food. The presence of the toxm ^ 

ham was first shown by van Ermengem by inoculation with a \ 

and a similar result has been repeat^ly obtained by others in 

articles of diet winch have produced the disease The organ 

recovered from the organs of those who have died of the diseas . 

after or immediately before death that a few bacilli ma\ en 

The condition of tlie nerv-e cells in expenmentai L’emp- 

botulinus toxin was investigated independently by . J marked 

ner and Pollack, and these observers agree as to the cord and 

degenerative changes, especially m the motor cells m * the toxic 

medulla. On the other hand, Dickson and othere “ . o^bosis in the 

h^s an important action on the vascular intima. leading necrosed. The 

• small vessels , in this way the nerw cells may be damage . gj that the 

work of Edmunds, Long and Keiper and othere , g paralyse^ 

essential effect of the to.xin is on the nerve end-plates of m 
of the vagus and parasympathetic nerve endings 
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The properties of the to\in have been investigated, and have been 
found to correspond closely, as regards relative instability, conditions of 
prccipitc*' ‘ ’* It IS relatively 

resistant for twenty-five 

to forty _ pure crj’stalhne 

toxic protein has been isolated from cultures of Type A The probable 
molecular weight is 1,000,000 to 2,000.000 (Lainanna et al ) 

Inadequate sterilisation of prcser>’ed foods is the essential factor in bnng- 
ing about the condition of botulism , the spores being highly resistant thus 
survi\-e and later germinate, the bacilli multiplying m the food and pro- 
ducing toxin. In view of the widespread occurrence of B botiihiiiis spores in 
soil, etc , it is somewhat surprising that the disease is not more prevalent 
Thougli spores may be present in a preserved food they may fail to germinate 
and much dejiends on the type of food , thus beans, peas, spinach, corn, 
and salmon seem to be specially suitable for the development of the organism, 
whereas preserved foods walh a pH below 4 5 seem to inhibit germination of 
the spores Various unknown factors may be concerned m the survival of 
the spores in food, their later germination, the growth of the bacilli, and 
production of toxin 

An flii/i/oAiK was prepared by Kempner b> the usual methods, and was 
shown not only to have a neutralising property, but to haie considerable 
therapeutic value in experimental animals when administered some hours 
after tiie toxin These results have been fully confirmed Leiichs showed 
that the combination fo\m-antito\in can be split up by the action of acids 
and the two components recovered, just as Morgenroth showed to occur 
with diphtheria toxin. The various typo of B. boiulinus {vide supra) 
differ in the antigenic characters of the toxins which they produce Thus 
the antitoxin to toxin A has no effect on toxin B, and vice versa This is, of 
course, an important matter in relation to treatment, and a mixture of anti- 
toxins for the A and B tj’pcs has been used for therapj- in human cases The 
practical value of antitoxin for therapeutic purposes is limited owing to the 
fact that by the time the condition is chmcally recognised irreparable toxic 
effects have already been produced 

Botulism in Animals. The disease occurs in natural conditions in fowls 
ami IS known as ' hrober-neck ' . in this alfcction types A and B have been 
found Fowls arc verj' susceptible lo the toxin of tipc citing within 
twent>-fotir hours after oral administration Tvpc C has been resjwnsiblc 
aUo for paralytic disease of chickens (Bewgtsrvn) . the ingcstioi^ of tlie larv .e 
of camon flics h.irbounng the organism is apparently the cause of the con- 
dition Type C likewise causes Iwtubsm m ducks under natural conditions 
Till-, tvjx; has also l»ccn rcjKJrted in forage poisoning of cattle m .■\iistrah.i 
C^eddon). but a distinction has been drawn between the strains of (tjie ( 
as-ociatcd witli (his condition and those responsible for disease m chicken-, 
and ducks, the latter being designated tyj»c C, and the formcf Cg The dilTcr- 
eiuc (onsisls in the .ability of (be C, antitoxin to neutralise t, and ( g toxins 
whereas the antitoxin for Cg does not neutralise the C* toxin Tvjx- D has 
lK*en found tix.iiisc ‘lamsiekte’. a dwise of cattle in souih Vfm.i .issociatcd 
with phosplionis deficiciicv .ind a resulting jnc.i wlmh leads lo these animal-* 
eating the Ixmcs of c.irc.iws on the veldt in the rnu-<Ie tissue attarhctl (<i 
Ihc 

out ■ 

jwted articles of (o<Hf \n extrait in N.ahnc sohition is m.adc from the 

rmtcn.il .Ifni injerteil inio mice or giiine.i pigs (ontrol animal-, arc afoi 
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•white is liquefied by type A and some strains of B, though not bv type C 
Similarly, in cookcd-mcat medxtim type A and some strains of B d^est the 
;neat and darken it ; type C produces no cliange. Types D and E are 
wise non-protcolytic. The Jennentation of sugars and other carbohjdra'e> 
varies with the type : A produces acid and ^as from glucose, sahcin, maltose, 
and glycerol and somctiracs from lactose but not from saccharose or 
mannitol , B differs in the absence of salicin fermentation ; C does not fer- 
ment salicin or glycerol. (For reactions in viilk medium see Table, p. G1 ) 
Viability. The spores may in certain circumstances withstand moist 
heat at 100° C for one to six hours ; in the moist state they withstand 107T 
for fifteen to eighty minutes and 116*’ C. for four to forty-tuo miautes 
(Dickson and others). They arc usually killed at 1 20° C. uithin five minutes 
The results of observations on the heat-resistance of spores have vaned 
somewhat and apparently depend on several factors, e.g the strain used, aje 
of culture, hydrogen-ion concentration of the*medium, etc. ; further, emh a 
small proportion of individual spores possesses the maximum resistance to 
heat, and results depend therefore on the number of spores in the test material 
Toxin and its Pathogenic Effects ; Antitoxin. B iohdiwHs has little power 
of flounshmg in the tissues, whereas It produces a very powerful filterable 
to.vm when growing in food-stuffs. When a fairly large dose of toun is 
injected subcutaneously in aguinca-pig, symptoms chiefly of paralytic nature 
may appear within about six Iioursand death follows \nthjn twenty-fowhwii^ 
Post mortem the internal organs show pronounced congestion often witn 
thrombosis and haemorrhages When the dose is suK-Jethal a somewhat 
chronic condition may result in which local paralysis forms a striking 
The characteristic effects can also be pfo<luced by oral administration of the 
filtered toxin, though in this case the dose requires to be larger 
other animals, c.g cat, monkey, etc , are also susceptible and 
same effects as tliose m the human subject It is noteworthy that 
resists the gastric secretion and is absorbed by the stomach and sma j 
tine without undergoing alteration — unlike the tetanus and ^^*P, 

As in the case of the tetanus poison, the potency of the 

the fatal dose by subcutaneous injection for a guinea-pig of 250 gnns 

being in some instances 0 000! c c of the culture-filtrate or even ^ 
massive doses of toxin-free spores are given by the follow’ 

found that multiplication of the organisms and toxin piyduc 
in certain cases, but there is no evidence that the disease in t e ^ fonned 
is produced in any other way than by the 

toxin in the contaminated food. The presence of the oxwd. 

ham was first shoivn by van Ermengem by inoculation wit of otbe'’ 

and a similar result has been repeatedly obtained by 'ILanism has 
articles of diet which have produced the disease. T e o g 
recovered from the organs of those who have died of the 
after or immediately before death that a few bacilli may . the 

The condition of the nerve cells m experimental 
botulinus toxin was investigated independently ...rrence of 

ner and Pollack, and these observers agree as to J the spinal cord am' 
degenerative changes, especially in the motor cells i the (»'■” 

medulla On the other hand, Dickson and olhens h. (|,mmbosis in » 

. has an important action on the vascular °„d or necrosri ' 

■ small vessels , m this way the nerve cells may 

work of Edmunds, Long and Keiper and othere ind » 
essential effect of the toxin is on the nerve end-plate 
of the vagus and parasympathetic nerve endmgs 
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The properties of the toxin hax'e been investigated, and have been 
found to correspond closely, as regards relative instability, conditions of 
precipitation, etc., wth the to\ins of diphthena and tetanus It is relatnely 
resistant to heat, requinng for inactivation heating at 90^ C. for twenty-five 
to forty minutes, or at 100° C for four to twenty minutes. A pure ciystalhne 
toxic protein has been isolated from cultures of Tj’pe A. The probable 
molecular iveight is 1,000,000 to 2,000,000 (Lainanna et aL). 

Inadequate sterilisation of presen*ed foods is the essential factor in bring- 
ing about the condition of botulism , the spores being higiily resistant thus 
survu'e and later germinate, the tKialli multipl 5 ’ing in the food and pro- 
ducing toxin In view of the widespread occurrence of B. hotulimis spores in 
soil, etc , it IS somewhat surprising that the disease is not more pre\-alent 
Though spores may be present m a preserved food they may fail to germinate 
and much depends on the type of food , thus beans, peas, spinach, corn, 
and salmon seem to be specially suitable for fhedei'clopment of the organism, 
whereas preserved foods with a pH below 4-5 seem to inhibit germination of 
the spores. Various unknown factors may be concerned in the survival of 
the spores in food, their later germination, the growth of the bacilli, and 
production of to.xin 

An Riititaxtn was prepared by Kempner by the usual methods, and was 
shown not only to have a neutralising property, but to have considerable 
therapeutic value m experimental animals when administered some hours 
after the toxin These results ha\e been fully confirmed Leuchs showed 
that the combination to.xin-antitoxm can be split up by the action of acids 
and the two components recoverccl, just as Morgenroth showed to occur 
with diphtheria toxin Tlie vanous types of B. lotuUnns {vide stif>ra) 
differ in the antigenic characters of the toxins which they produce Thus 
the antitoxin to toxin A has no effect on toxin B. and tice vena This is, of 
course, an important matter in rel.ation to treatment, and a mixture of anti- 
tovins for the A a ' ' " • ' • • , 

pmctical value o 
fact that by the 

effects have alreadv been produced 

Botulism in Animab. The disease occurs in natural conditions m fowls 
.md is known as ‘ hmber-ncck ' , in this affection types A and B ha\e been 
found Fowls are verv susceptible to the toxin of t}pc A, dying within 
twentv-four hours after oral administration Type C has been responsible 
aUo for paralj tic disease of chickens (Bengtson) . the ingestioq of the lanw 
of lamon flics harlxmnng the uiganism is a/iparcntly the cause of the con- 
dition Type C likewise causes botulism in ducks under natural conditions 
'I Ills t\}>c has also been rejxirtcd in forage poisoning of cattle in Australia 
Cscddon). but a distinction has l>ccn drawn between the strains of t^pc C 
associated with this condition and tliosc responsible for disease m chickens 
and ducks the l.ittcf lieing designated t>q>e C, and the former Cj The differ- 
ence consists in the ahihl) of the C* antitoxin to neutralise .and toxms. 
wliiTcns the antitoxin for «h>es not neutralise the C, toxin T}}^! I) has 
Ix-cn found tor.iiisc 'l.inisickfe a disease of cattle m South Africa asswiatcxl 
with phosphorus ilchciciuv and a resulting pica which leads to those animals 
(.iimg the hones of i.irra'cs on the xeldt . in the muscle tissue attaohcil to 
the' - 'r- has profJiKcd Its toxin 

? ■ ■ ■ ; . <•• • Tltc mxcsfigation of tast.s .irui 

./111 ■ xl with the examination of sos- 

jwiud arihh*s i>{ fon<l \n cxtrait tn snhne solution is iiuidc from the 
null rill and injected uit<» mice or guinea-pigs Control .ininnb are aNo 
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Wound infection by the anaerobes received further sMy in the rem 
war, though gas gangrene was a le<is frequent and serious complication 
of wounds than m the war of 19] 4-18. MacLennan’s resuUs in the.Xofih 
African campaign are illustrative. He classified such wound infections into 
(1) simple contamination. (2) anaerobic cellulitis, and (3) anaerobic myojith 
(true gas gangrene). Simple contamination u-as present in 20 to 30 percent 
of all wounds. Most of the specie^ were of low pathogenicitv and did not 
persist . these were mainly B. bntyriem, B. tertius, and B. sporo^cnes, but 
B xselclm w'as also fairly prevalent. Anaerobic cellulitis occurred in about 
5 per cent of contaminated wounds, especially if there was extensive hcera 
tion of the soft tissues other than muscle, the bacilli then miiltiplyng in the 
necrotic tissue. The condition was either localised or e.\tensive and the onset 
was gradual as compared with typical gas gangrene, while the 5}Stnwc 
effects were usually slight. The most frequent species u’ere B sporogenti, fJ 
U'elchii, and B ieriius Typical gas gangrene occurred in about 0 f percent 
of all wounds. It was of sudden onset and the infection spread with great 
rapidity, especially in muscle, and was associated with the characteristic 
symptoms The species of organisms present were in order of preia* 
lence B welchtt, B. cedemaliens, Vtbrion septique, B. histolyiicui, B ki- 
fermentans, B fallax, and B Mam. Mixed infections b)’ several of Ihrse 
organisms were not infrequent. The mortality was high In the desert 
campaign the area over which the fighting took place was. of course, uncultj* 
vated ground and in most cases the source of infection was probably con- 
taminated rlothmg When the fighting moved to the agncultoral land of 
Tripohtania and Tunisia the incidence of gas gangrene was about twice tna 
of the desert campaign, but anaerobic cellulitis xvas less frequent, 1 
due to the greater efficiency of wound treatment. The mortality was a 
relatively low (30 per cent.) as a result of accurate diagnosis, imfwi 
surgical measures, and intensive serum treatment 


BACH-IiUS WELCim {CLOSTRIDIUM, PBRfRlNGtRB) 

This organism was first described by Welch and Kuttall 
showed that it was the cause of the extensive gaseous deye °P ^ p{ 
sometimes occurs in the organs post mortem, resulting in c 
•rounded gas cavities. It is now recognised that it ^ ’ MffmM 

organism cuJrii’ated later by £ Fraenkel and called bj “b" 

emphysevtatosa: The same baallus was described by \ ^ ^ .. into 

gave It the name B perfnngens During the \%^r of 1 . 

great prominence, as it was proved to be by far the most i 1 
the production of gas gangrene. „ • i a c.i'C 

Microscopic Characters. As seen m the serou tL.u.di' 

spreading gas gangrene, it is a comparatively large baci ' . . , but ilic 

4 to 6 m length (Figs 111, 112) and relat.v;ely 
thickness vanes somewhat. Its ends tend to be roum . ^ 

the shorter forms are almost rectangular In /orn» 

pleomorphic, and in sugar-free media there is a teni e js 

(Henry) , short, almost coccus-hke forms, may m 


readily stained wirn tne nasic ay<s.. aim *■> jj iisuxin • 
cultures Gram-negative forms occur. -njetimcs. 

distinct and fairly broad capsule ^Figs. II3. onhninh- 

capsule is seen. In agar or broth media, no uon-morilf* ‘'‘f” *' 

but in scrum media it is conspicuous. The organi- , 

flagella have been demonstrated. 
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Fio 111 Film taken from marpn ol 
spreading gis gangrene, shoinng num- 
erous examples ot /{ Ipure) > 

Gram’s stain x 1,000 



Fig 112 Film Irom necrosed muscle in 
gas gangrene, shoning a fe« D ufMii 
viUb remains of muscle fibres Gram's 
stain X 1 , 000 . 




I 11. IH I iliii tn'in a purr culture ol 
|i urliliii litiiu*»tiin l.t»<> 



Fig 115 ft bxIiAii. »l|.Y»itis ral'"ilt-i. 
film prtptration (ruiu i<inr tiiirro* tti j 
tase nbrce gis (.aMtlr^ mete prevtit iii 

Iheorgms. >1.00 


‘ \\r are imlrbtnl t<. Prof J SS MeVee C.-r the pn patatnms frum which f igs lit 
and lU wi'rc ma<lc 
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In the spreading area of the disease no spores are found though the\ ha\e 
been described in the later stages when the bacillus is associated with other 
organisms. At first it was believed not to form spores, but spores are pro- 
duced in serum media_(Dunham) ; they are oval and fairly large, usually 
subterminal. occasionally central. In ordinary media, however, and in the 
presence of sugar, no spores are formed. The add produced by fermentafion 
of sugar inhibits spore formation 

Cultural Characters and Biochemical Reactions. B icfWiu’grows 
readily on various media, but only under fairly strict anaerobic conditions 
Growth IS enhanced by the presence of fermentable carbohj’drafe and by 
blood or serum. It flourishes best at the temperature of the body, but grows 
also at room temperature. On agar the superficial colonies are usually circular 
in form, moist in appearance, opaque, mth smooth surfaces and regular 
margins, there being no radiate outgroivth or doungrowth (Fig. 316); the 
deep colontes are usually o\’al or lenticular in form with sharp outline 
Surface colonies sometimes have a transparent border with radial stnations 
Colonies on blood agar show well-marked zones of hiemolysis B k’ckhii 
liquefies gelatin but not coagulated serum 
Certain strains, however, derived from 
animal diseases, have been stated to liqnef} 
serum. In milk the characters of the grow th- 
are of importance ; the organism grows 
rapidly and leads to coagulation of the 
medium, the clot becomes broken up oj 
gas bubbles— the so-called 'stormy cot 
^ reaction '—and ultimately forms ineguiar 

. ■ / tough masses bathed in comparatiielyc^r 

■/ whey. White this is a teirly constanl 
' y character, some strains may fail P" ^ 
(Stormy fermentation of milk « e™ P 

F,a no F, .ertaoe cotowrs ‘’sSs^^P 

from anaerobic culture on glucose which form terminal Oval spore 
agar after forty-eight hours at > ./ \ There is nO digestion Ol tne ca 

after a long time. 

odour of butyric acid. In cooked-meat medium, B. . ihere is 

meat a pink colour and produces a considerable amoun b 
a sour smell, but no putrid odour or blackening of the me i ^nd 

acid and gas from glucose, lactose, saccharose, maltose, substances 

sometimes from glycerol and inulin. Fermentation ^ niarlcdly 

takes place with great rapidity, but the -aHon. 

deterrent action on the growth, and soon leads to i 
and mannitol are not fermented. Usually salicm no^ « saccharoHUC 
times lermentation occurs. B- welchit has thus very p^op- 

action. whereas its digestive effect on proteins is s pathogc-nic 

erties will be found to have an important bcanng 

Viability. Cultures in media containing pnxh'di^ 

for only- a few days ; the acid produced is for sc\-cr.nl month'- 

is arrested. In sugar-free media cultures remain ^ C. with 

In the presence of moisture the spores are generally nu' 
fiv’e minutes. 



.invadms the blood 

caritics m ‘to 


Pathogenic Effects. In addition to 


time of death, and giving rise to carries i gangrenous 
u-ekliit has been found in various emphy’sematoi 
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in which the infection starts in connection \vith the alimentary canal, e g. 
certain forms of appendicitis and cholecj'stitis. It ma}' also be associated 
with puerperal infection and particularly septic abortion. As has been 
indicated, it is the most frequent cause of gas gangrene from war wounds 
In this condition it is now recc^nised that the starting-point is usuall}’ 
lacerated muscle, which has become contaminated with soil or clothing con- 
taining the organism The spread of the disease is often remarkable, as cases 
have been recorded in which extensive emphysematous swelling with gangrene 
of a limb has occurred with a fatal result well within twenty-four hours. In 
some cases the infection may be confined to indmdual muscles. Within a 
muscle, the necrotic change may affect individual fibres, leaving others in 
relation to them unaffected The stages as described by McNee and Shaw 
Dunn are as follows. The bacilli spread with great rapidity along the-inter- 
stitial tissue of the muscle, and may be found beyond the actual site of 
gangrene They are present often m very large numbers and in practically 
pure culture The fibres thus surrounded become somewhat swollen, altered 
m staining reaction, and separated from the interstitial tissue by a zone of 
serous fluid, poor in'protem The fibres then become completely necrosed, 
the sarcolemma nuclei losing their staining reaction, and about this time the 
fluid within the sarcolemma contains the bacilli m large numbers. There is 
then evolution of gas, chiefly from the muscle carbohydrates, and the muscle 
substance becomes broken up and disintegrated, though the transverse 
stnation may persist for a considerable time (Fig 112) Finally the dead 
muscle may be invaded by other organisms, and b^ome putrid and softened. 
Along with these changes in the muscle there occur oedema and emphysema 
in the interstitial and subcutaneous connective tissue, while the skin shows 
various kinds of discoloration, and the affected part is swollen, tense, and gives 
crackling on palpation To the naked eye the affected muscle is at first 
swollen and pale and has lost its elasticity , it soon assumes a browmsh-red 
co' ' ' • ••• • while later 


it lotcd, how- 

ev utrefaction 

Tb fra), W'hich 

flourish m the necrotic tissue. 

The spread of the bacilli is attended by practically no leucocjde reaction, 
unless when the invasion is becoming arrested or when it takes place around 
other organisms The growtli of the bacilli is essentially local, but they may 
enter the blood shortly before death, when they have been found in a certain 
proportion of cases Instances have also been recorded in which they have 
settled in other parts of the bod> and produced lesions there — the so-called 
metastatic gas gangrene 

Apart from t\pical gas gangrene, B velcint may be associated with 
the condition descnlwd by MacLeniian as ‘ anaerobic ' cellulitis (rn/t: 
supra) 

Most of the local and svslcmir effects of B tc/c/uj arc due c.ssentiall> 
to the CNOtoxins produced b\ tins organism, these arc dealt with later, 
and aKo the different tJlKS of the organism in relation to iliseascs of 
sheep 


II has Ix^n obserscJ that the number ol R aelehti m the l»\\el mav undergo preat 
increase in certain londitions, f g the acMorh)c!ru of fM.rnicious anxmia (Davidson), 
intestinal olistruction. and it h.as !>ecn auiicestctl that the toxin of the orKanism mav be 
at*virl)evl from the inlrstine and be responsible f<>r pathologic.al effects m the Utter 
cimdition It IS doubtful, hiiwovcr. whether D trtichti toxin is alrvorlnxl m an active 
state from the intestine ' 
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Ezperimental Inoculation. Tlie x-irulence of strains of B. umuraries 
considerably. In the case of many strains fata) gas gangrene may be pro- 
duced in gmnca-pigs by injection of cultures in fluid media, the bactiial 
invasion being favoured by the tovin present The bacilli by themselves for 
example, when obtained from a surface growth on a solid medium, do not 
produce infection, but Bullock and Cramer showed that when an iontsable 
calcium salt is injected, the bacilli quickly invade the tissues affected by the 
salt and cause a rapidly fatal infection (see Evans). In the e.xperimental 
disease the bacilli are abundant locally, but only a few are present m the blood 
stream. When the dose is siiblcthal a local gangrene may occur, with subse- 
quent scjiaration of the dead tissue ; thereafter healing may rapidiv follow 
Intramuscular injection is the most effective method, especially in the labbit, 
whicli IS more resistant than the guine.i-pig. The pigeon is found to be the 
most susceptible of the animals hitherto tested, the lethal dose being only 
a fraction of that for the guinea-pig. Injection into the pectoral muscle 
of a pigeon causes lesions in the muscle closely resembling those in gas 
gangrene in man, and death follows very rapidly, sometimes within a few 
hours. 

Toxins and Biological Types of B. welchii. It has been long recognised 
that this organism is an active producer of diffusible toxins Bull and 
Pritchett showed that a culture-filtrate injected into various animals led 
local lesions closely resembling those caused by the bacilli themselves, fg- 
a'dcnia and necrosis of muscle ; and the general systemic effects of gas 
gangrene arc undoubtedly due to a true to.xannja Culture-filtrates 
also markedly bmmolytic and tu vtTo the brnmoly^in may produce 
globinuna. Injected intravenously in animals these filtrates are letfia , 
and post mortem focal necrosis of the hver and hidney is *^^'5 
Cultufc-filtratcs also contain leucocidin, fibrinolysin (Reed ti 
spreading factor (Behring . .VcClcau) similar to that of streptoc 


rj 2 Iiyaluronidase. . .j^v. 

The study of strains of the organism isolated from animal diseases ^ . 

toxins produced by them has brought to light the e.xistence of » 
types of 5 u e/c/ifi differing in their production of particular 
The classical t>pc found in the intestine of man and animals 
gangrene is now designated type A Another variety, type 
organism of lamb dysentery (Dalhng) , type C. sometimes cal e the absorc>- 
is responsible for ‘ struck ' of sheep, a toxajnik condition one to p 

tion of toxin from the small intestine (McEwen) : a fourth of 

(B. Qvtloxicus) is associated vwth a condition of infectious en [oar 

sheep, including the so-calle<l ‘ pulpy kidney ’ disease of cujture- 

types are differentiated according to the toxic components pr ^ ^ 

filtrates (WiJsdon) Seven such toxins, designated a, ^ fh«e 

been defined (Glenny el al . . Ipsen ei al ; Prigge) t he p as 

by the four biological types and their toxic enecls 


follows : 


Type A— a, v. 0 (« predominant) 

_ j,, 6, e iP and c predominamj- 

C— c. P. y, 6 {p and S predominant). 


„ L> — a, e (t predominant). ^ 

It should be noted, however, that the production of producing 

completely stable ; thus strains of D may lose the p i 
toxin /(Borthvn'ck) 
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The toxic components have the following effects : 

Toxin a — ^hsmolytic, lethal, necrotising, and acts as-a lecithinase. 

„ ^ — lethal, nccrotising- 
„ y — lethal 
„ (5 — ^lijemolytic, lethal 

,, £ — lethal, necrotising 

,, t ] — lethal 

,, 0 — hjemolytic, lethal, sometimes described as necrotising, but 
producing rather a haemorrhagic condition , does not act 
as a lecithinase , 

The haemolytic property can be demonstrated with shgep's erythrocytes, 
but in the case of the 0 component, with horse's red cells (Evans) ; the 
necrotising. effect by intradermal injection in guinea-pigs; and the lethal 
action by intravenous injection of mice. The lecithinase effect is manifest in 
the so-called Nagler's reaction, i e a characteristic opalescence or turbidity 
IS produced in human serum when the toxin is added and this effect is specifi- 
cally neutralised by antitoxin , the same reaction occurs with an extract of 
egg-yolk and is due to the splitting of lecithin into phosphochohne and a 
glycende It is of interest that there is an antigenic relationship between the 
G toxin and the 0 lysm of streptococci (Todd) The a toxin is relatively 
thermostable while the p and G fractions are thermolabile 

It has also been shown that i^uscle tissue when incubated wth B velchu 
type A undergoes disintegration due apparently to a collagenase which 
attacks the reticulm scaffolding The pulping of muscle observed m gas 
gangrene may be due to this product, and Oakley and Ins associates have 
classified it as arf additional toxic component, designated «, immunologically 
distinct from the a and 0 toxins and hyaluromdasc. 

All these toxins are specifically neutralised by appropriate antitoxic sera 
and the different biological types may be identified by protection tests in 
mice injected intravenously with culture fluid and antitoxic sera. Thus : 

A antitoxin neutralises only type A toxin 
13 „ „ types A. B, C, and D toxins 

C „ ., types A and C toxins 

D „ „ types A and D toxins 

Antitoxin and Immunity. By injecting carefully graduated doses of the 
toxin into animals, eg liorscs, an active immunity’ can be produced, and 
the scrum of the treated animals possesses antitoxic properties. The anti- 
toxin neutralises all the effects of the toxin in multiple proportions, and is 
protective and curative against infection with the bacillus in experimental 
animals The antitoxin is titrated by its capacity to neutralise the toxin 
when tested by intravenous injection in mice (Hartley) or by’ intraculancous 
injection in rabbits or guinea-pigs An international unit has lieen accepted 
for Standardisation, viz the equivalent of 0-322 mgin. of a dned standard 
antitoxin prepared m the National Institute of Health, Washington, U S.A 
In the recent war, the dose recommended for projdiylactic purposes was 
O.OtKl units given intravenously where practicable or alternatively by intra- 
muscular injection, and the thcrajK'Utic dose was three times the projiliylactic 
doM.- given intravenously an«l rcjicalcil at intervals of four to six hours 
(Usually a jxilyv altnt antitoxin is administerixl containing also antitoxin for 
r ifpUque au<l B. ttdtmatiem — vtie pp H2, 411) .\ntito\m was extcii- 
sivelv used in the war for prophylactic purposes and regularly applietl in the 
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treatment of cases of gas g&ngrene. Though the value of the antitoxin his 
not been fu% established by statistical evidence, the data a\-ailable all 
indicate its efficacy, provided the cases receive at the same time satisfacton- 
surgical treatment. The antitoxin has also been used for the treatment of 
pn^enous appendicitis and pueiperal infections ; it has been given prophy* 
lactically before operations on the alimentarj* or the genito-urinary tracts 
Antitoxic sera have also been applied in the control of the animal diseases 
referred to above. Thus effectiv'e protection against lamb dpenteiy can 
be conferred by passive immunisation with antitoxin for type B ; alterna- 
tively, active immupisatidn of the pregnant ewe may be adopt^, toxoid 
being used ; the resultant antitoxin Is conv'eyed to the lamb in the colostrum. 
Immunisation with the appropriate toxoid is of value in protecting against 
' struck while type D toxoid can be used in the pregnant ewe for protection 
of the Jamb against ‘ pulpy kidney ' disease. 

The antigenic structure of the bacilli has been studied by agglutination re- 
actions and these reveal considerable heterogeneity even within the biological 
types distinguished by their toxic components. The specificity of die 
agglutination reactions depends both on the capsular substances which are 
probably of polysaccharide nature and on specific 0 antigens. 
X'ariatjon occurs and this is associated with loss of specific 0 antigen (sec 
Henderson). 

VIBRXON SEPITQUE {CLOSTRIDJUM SEPTICVM) 

The Vtbrion septtqice was first discox'ered in putre/>'ing carcases and » 
named by Pasteur. He described its characters and the lesions produced b> 
it. He found that it grew* only m anaerobic conditions, but pure 
were not obtained A similar organism xvas later studied by Koch. ^ 
named the ‘ bacillus of malignant c^ema It is not possible to say 

the organisms originally described by Fasltur 
• and by Koch were identical I . sfplft » 

‘ ' an inh.abilant of the intestine in ammais ana 

' . ' ' t. is found in soil. ' 

/ • / This organism is not so requentl) 

gas gangrene as B, Mi , 

. war of 1914-18 it atfamed a 

alence Wdnterg pointed out ttat 
, • '■ puce infection were „'¥‘ ' gas 

emphysema was not a 

' ■<’ occurring only in the Jl 

V hubbies, and somebraes . j(„,r 

operation. In a fatal case . pun* 

Fic U7. Fjltn prepawtion from the m which the bacillus P 
affected tissues m i case ol mahg- there occurred intense ceot 

nant cedema due to f' $(ptiqHe COnOUlon y.. r .{,0 tisSUeS, and »i'- 

sboiprn^ the spore-beariDg baclhi- swelling and induration The^ 

Gentian.vioiet. x 1,000. fonnation of xesides 0" 

changes were attended with a discoloration a^^^^ 

livid. Emphysema ivas not recognisable unti purther, th'^ 

incised, when it was detected, though in small Ct> , ‘ .jjy. ,,.35 

had a peculiar heavy, but not pu^d has already been ma 

enormous numbers in the affect^ tissues Rei „- 3 j. 

to the occurrence of the organism in gas ganpc .j occurs in ' i. 

MICKOSCOPIC CHAPACTEKS, K,W<>» t„, both ■" 

of single rods 3 to 10 p in length and 0 6 to 1 / 
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tissues and in fluid cultures it frequently grows into long filaments, uhich* 
may be uniform throughout or segmented at irregular intervals In cultures 


on solid media it occurs mainly in the form 
of shorter rods ivith somewhat rounded ends 
It can be readily stained by any of the 
basic aniline stains and is Gram-positive, 
but in older cultures Gram-negative forms 
occur. The bacilli are motile, possessing 
several peritrichous flagella ilotility is 
usually well marked in the serous exudate 
of the lesions, but in cultures only a few 
individuals show active movement Under 
suitable conditions spores are formed which 
have an oval shape, their thickness exceed- 
ing that of the bacillus , they ate centra! 
or subterminal In position Spore formation 
occurs in culture, s above 20® C., and is usually 
well seen within forty-eight hours at 37® C 



Fio I IS t’liifion ifpliqiu, surface 
colonies from an anaeiobic culture 
oa glucose agar after fony-wfitit 
hours at 4T* C xS 


In acute spreading lesions the baalli are 

usually free from spores, but at a later period they mav be found, and large 
swollen lemon-shaped forms ate often seen, the so-called ' citron bodies ' 

Cultural Cuaracthrs and 



\ R c 

Tk, ll" Stah culturrt in acif.fi'eilar*' trwib 
al 3** C SMtiraJsUe 

A TclaH'i* 1' 1 < IIxv/m 


Biochemical Reactions. This 
organism is a strict anaerobe . it 
multiplies at room temperature, 
but the optimum is 37* C It grou s 
on ordinary media, but better m the 
presence of a fermentable carbo- 
hydrate, eg glucose Insfiififfiftnre 
in fliicosf Qgar, growth is rapid 
Along the line of puncture, growth 
appear? as a somewhat broad 
wlutish hnc.Mith short lateral pro- 
jections !)cre and there (Fig 1 19. B) 
Gas mav be formed, but tins is 
most marked m a shake-culture 
Sur/aie colonics on oijnr arc large, 
irregular, and somewhat trans- 
parent with fimbriate borders iluc 
to iilamcntous projections nut un- 
like tho^c of the tetanus Isacilliis 
(^t ). though of Somewhat coar-cr 
cliarattcr (1 ig llM) l)^ep coloiiii": 
when fuU\ grown, exhibit aUo fila- 
mentous projcrtiuns, giving them 
a woollx apjicarance i olunies on 
Mmtd show li.vmnlltK zones 

In liijucfai Hon onurs f o- 

scrum is not hij'icfied In 
cnoUd-vtfifl tnfJiuiii the nic.it is 


reddened, but there is n‘» digestion Ihv snltures h.i\e .i }XTtili.ir 
Jif.avx. though not putnd, «Hl«mr Ijlucuse 1.1110*^0. sahnn. an<l maltose 
are fermented, but not sanharose. maumlol. inuhn. gK«crol or 
siarib In mt/4 and anil some gas an* pro«lii>t-iI and liiirc is stow 
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protedyti/'”' "’“'"‘y saccharolytic and only aeaklj 

Experimental Inoculation. A considerable number of animals-Ihe 
guinea-pig, rabbit, mouse, dog, sheep, goat, and pigeon, for c.YampIe-are 
susceptible to inoculation with this organism There is general agreement as 
to Its marked pathogenic properties. Especially .is this the case iihen 
inilaramatory e.\-udate containing the bacillus is used for inoculation a mere 
fraction of a cubic centimetre being a fatal dose McIntosh found that 0 01 
c.c. of a fluid culture injected intramuscularlj’ killed a guinea-pig mtbia 
twenty-four hours. 

Subcutaneous inoculation with pure cultures produces in the guinea-pi^ 
chiefly a wdespread gelatinous cederna, and a blood-stained serous fluid 
exudes from the affected part. The underlying muscles are softened and 
partly necrosed, and of bnght red colour ; but there is little formation of 
gas, and putrid odour is almost absent. The internal organs show Mile 
change. The Iwcilli are present m the peritoneal fhiid and on the pentom) 
surface of the liver, and occur as long motile filaments and ' citron.bodjes' 
(vide supra) Tliey liave sometimes been cultivated from the blood, but 
they are always scanty. 

\nien the bacilli are injected into mice, however, they enter and muliiplj 
in the blood stream, and arc found in considerable numbers in the various 
organs (sec Henderson and Gorer), while the spleen is much enlarged 

Toxin, E.xotoxins can be obtained in fluid cultures under suitable 
conditions Of a potent culture-filtrate 0-1 c.c injected intravenously into 
a rabbit will cause death in three to fifteen minutes, with respiratory disturb- 
ance, paralysis, and convulsions Guinea-pigs and mice are also killed w 
the filtrate given intrav’enously. Intramuscular or subcutaneous injectioi’s 
cause local cedema, red staining of the tissues, and necrosis. Intracutaneous 
injection in guinea-pigs causes a necrotic lesion. In vitro the tovn caus« 
contraction of smooth muscle. Culture-filtrates are h.^molytic ana a 


contain hyaluronidase. 

Occurrence in Animal Diseases. Bra.xy is a disease of sheep due ‘ 
tion by Vibnon sepUque. In this condition there is an intense mflaiu . 
lesion with oedema, haemorrhage, and necrosis, starting m the 
fourth stomach and tending to spread to neighbouring parts oi t e a i ^ 
tract The bacilli can be demonstrated in the affected infectjon. 

k^o^v^, however, regarding the factors that predispose ^ j ^ 
rnltiire-filtrates toYin-anti'toxin Dreoarations. and formoh's^d w 


k^o^v^, however, regarding the factors that preaispose j , . 
Culture-filtrates, toxin-antitoxin preparations, and formoh'setJ w 
(’ anaculture ') have been utilised with success in the jjipcp 

tion of sheep. This organism may also be responsible for a 

Immunity. Roux and Chamberiand {1887i sho\\ed 
were injected repeatedly with non-fatal doses o’ cuiturej s organism 

freed from the bacilli by filtration, immunit. that the 

could be developed in a comparatively shor time y inununit)' 
filtered serous exudate of animals dead of t.ie (q uliich i'"* 

when injected in small doses This is one Oi the nre ^ 
munity was produced by injections of to.ms toitscapac’b’^® 

animals contains antitoxin, which can be ti' luted ac & iniectioo 
neutralise the action of the toxin as tested by mtra tVhhri ^‘5 

or intracutaneous injection m guinea-pigs to th.it of 0 

international unit of the antitoxin is of equivalent p 
mgm. of a dried standard antitoxin kept at ..giyectivelyaP'"’ 

Medical Research, London. The antitoxw serum p 
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inoculation with the living bacilli or Avashed spores plus calcium chloride , it 
also has curative action (Craddock and Parish) The antitoxin has been used 
therapeutically and prophylactically in the human subject, usually incorpor- 
ated in a polyvalent preparation containing also antitoxins for B. ifelcJm and 
B adematiens The prophylactic dose recommended of V septique antitoxin 
IS 4,500 international units given mtravenously if possible and the thera- 
peutic dose three times the former, given mtravenously and repeated at 
intervals of four to six hours 

V. septique may be identified by the speafic neutralisation of its hcemo- 
lysin for human ted blood corpuscles with antiserum (Hayward and Gray). 

Antigenic structure. Henderson (1934) has recognised four groups of the 
organism differentiated by their O antigens and these can be divided further 
by differences in their H antigens Some serological relationship with B. 
chauvai has been demonstrated 

BACILLUS CHAUVCEI {CLOSTRIDIUM CHAUVCEI) 

This bacillus, so far as is known, never infects the human subject It 
causes quarter-evil (German, Rauschbrand , French, Charbon S>mptoma- 
tique) The natural disease, which occurs especially in certain localities, 
affects chiefly young cattle, also sheep Infection takes place by some wound 
of the surface, and then spreads ip the region around, attended by inflam- 
matory swelling, bloody cedema, and emphysema of the tissues The part 
becomes greatly swollen, and ol a dark, almost black, colour. Hence the 
name ' black-quarter ' by which the disease is often known The bacillus is 
present m large numbers in the affected tissues, associated witii other organ- 
isms, and also occurs in small numbers in the blood of internal organs 
Morphologically it closel> resembles 1" septique It does not usually appear, 
howe\er, m long filaments when films from the surface of the liver of an 
infected guinea-pig arc examined . occasionally it occurs in short chains 
The characters of the cultures also resemble those of T septique Its fer- 
mentation reactions are similar to those of V septique, except that, unlike the 
latter, it ferments saccharose, but not sahan Stress was at one time laid 
upon certain differences in cultural characters for distinguishing it from this 
organism Weinberg concluded, however, that it bears to V septique a 
similar relation to that of types B. C. and D of uelchu to type A Agglu- 
tination tests show heterogencitj’ of strains in their antigenic structure and 
only slight relationship with V- sephqne, though complement-fixation re- 
actions indicate a close relationship 

rile disease can be readily produced m various animals, eg gmnca-pigs, 
by inoculation with the affected tissues of diseased animals, and also bv 
means of jmre cultures, though an intramuscular injection of a considerable 
amount of the latter is sometimes necessary The condition produced in this 
way closely resembles that m gas gangrene Exotoxin is formed in culture . 
it IS lethal to mice on intravenous injection and on subcutaneous injection of 
guinea-pigs produces a local cedema The disease is one against which 
immunity can lx? ilcvclojicd in various wavs, and methods of preventive 
inoculation hav c l>ecn adopted in the case of animals liable to suffer from it 
r g hv injection intravenously or intrajicntoncallv of a noji-fatal do«e of 
the a-dcmalous fluid (‘ nggrevsin ’) from the tissues of infected animals con- 
taining the bacilli, or bv injection of larger quantities of this material at- 
tcnuatcil \)V heat, drvang, etc (Arloing. Comexan and Thomas, and others) 

( ulturcs attenuated i)\ licating or products of the bacilli obtained b) filtra- 
tion of cultures hav c aKo Ixfii used rormolisctj broth cultures have Ukew ise 
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properties, sometimes forming acid, but no gas, from glucose and maltose 
alone among tlie usual fermentable substances Its action on milk and coag- 
ulatecl serum is similar to that of the B. sporogenes {vide infra), but is even 
more rapid. In meat medium also it produces v'ery rapid digestion, and one 
feature described by Henry is the separation of Av’hite'’bal!s of acicular crj’stals 
which are probably tyrosine — an appearance which is apparently character- 
istic ol this organism. Striking evidence of the proteolytic action of this 
organism is seen when it is injected subcutaneously m a guinea-pig. A rapid 
digestion of the tissues in the vicinity occurs, so as sometimes actually to 
expose the bones. A soluble to.vin has been demonstrated in 5 'oung cultures 


BACILLUS TERTIUS (CLOSTRIDIUM TERTIUM) 

• • *, »• * -- -- — in contaminated wounds, and 

. • , be third in order of frequency 

ong and thin bacillus, and u 
often somewhat curved . it is Gram-positive, but the power of retaining the 
stain IS soon lost m cultures. It is feebly motile. The spores are fermina , 
the srnall forms arc round, and stain deeply with a basic tiy® » 
oval, racquet-shaped, sometimes of considerable length The J; 

micro-aerophihe rather than strictly anaerobic. The superficial co on 
round, transparent disks, which do not become large; the ^ 
lenticular shape , occasionally, from both, small t_ -.1^, 

surface there is a tendency for tlie growtli to spread as a thm film, 
small amount of gas is produced, and a day or two ® ® 

.nguliim. In cooked-meal medium add and gas are formed * . 
assumes a pmk colour There is no liquefaction “I S . „„^anoiis 
scrum. Tlie organism has wide (ermcntalivc action ® „„,ioI,ai»i 

carbohydrates, fermenting gliicosc.factose,saccharosc,5 l ,m ^j^^^ 

.tvlose, but diflcrcnt strains may vary- It I'fs practeal > n 
effects when tested experimentally, though it probablj g 
formation m wounds. 

BACaLUS BUTTRICUS [CLOSTRIDIUM BVTi RICUH} 

la t 3 to *f .UUq 

This organism occurs m the form of bacilli jg motile and has 

by 0-7 fi broad, but showing some "Lcj-rninal- Capsul«« ai® 

pcntnclious flagella The spores are oval ellowwithiodme 

observ'cd in culture The bacilli store glycogcn an 


^ he spores are ovai imu wdme , 

bserv'cd in culture The bacilli store glycogen an 
they arc Gram-poMtive The organism a 

on media containing fermentable su^r semi-opaqvie, 

40° C. Surface colonies are small, greps , ' jg jjguefied- 

...itl.n.. M..i,lier eelatm nor coagulated . r.inri^e, Isetes . 


Meither gelatin nor coagu..- -- Glocost, lsd«r 

clotting occurs In meat medium there is no g glycerol are 

mal S. saccharose, salicin are f-niented manni.o^^ 
rented by some strains The organism „ot produce to'c" 

tom infected wounds, but is non-pathogemc and does 

BACIIillS SPOBOGENES (CLOSTRIDIVM 

This organism, ivhicli was first *'I’^‘'^/i°™„jerol)e i" 

Jd by him, IS probably the “—^Xand, 

It is present in the great majonty oi P"‘™ the separat'O 

LwSh and spore formation, often interferes 
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anaerobes. It is a fairly large bacillus, of about the same length as B Xielchn, 
but thinner, and usually occurs as single elements It is Gram-positive, but. 
as IS common with members of the group. Gram-negative forms are to be 
found m older cultures. Spore-beanng forms are common in wounds, and in 
culture spores are formed with great rapidity, so that they may be seen 
within twenty-four hours (Fig 120) The spores, which have very high 
powers of resistance, are oval and usually subtermmal, though occasionally 
central in position The organism possesses numerous pentrichous flagella, 
and most strains are actively motile It grow's readily under anaerobic con- 
ditions but IS not a strict anaerobe Cultures have a markedly putrid odour 
In stab culture in glucose agar the growth forms a thick line, from which 
.there are short and stout lateral offshoots, attended by abundant gas forma- 
tion, while individual colonies are small balls wth woolly margin. Superficial 
colonies ha\e a granular centre and present an arborescent or feathery appear- 
ance at the edge (When the medium is dry the colonies are of the ' medusa- 
head ’ type like those of the anthrax bacillus ) The organism rapidly liquefies 
gelatin and coagulated serum In 

cooked-meat medium there is evolu- , 


tion of gas and rapid digestion , the 
meat assumes a dirty, purplish tint, 

and ultimately becomes blackened In ^ 

milk there is a precipitation of casein ' ^ ' 

without actual coagulation, and then ' ^ ‘ 

digestion rapidly follows The organ- " 

ism ferments glucose, Iccvulose. and V • 

maltose, but usually none of the other 
sugars ordinanly employed The or- 
ganism IS thus seen to have marke<I 
proteolytic properties, and it has been 'J 

shown to form ammo-acids, and as 

final products ammonia, sulphuretted ^ * 

hveirogen, and vanous volatile sub- ~ 

stances It forms large quantities of •■'** pure eyiture, 

, , , • ® / j showinc snbieriTunil spores Stained 

butvric acid even in sugar-free media wuh cacbni-ihionm ^f.ono 
(WnU and Hams) 

B %poTOf!,oie% has little or no pathogenic projicrtics when injected in 
animaU , and observations on war wounds suppK no evidence tliat it in\ ades 
the healths tissues It ina\' be regarded as a protcoKtic saproplivte which 
grow-, on dead and dying tissues .and brings about digestive softening and 
putrefactive changes 

riic following other organisms of the group of spnring anaerobic b.icilli 
ha\c (ilso been described, mostly in infected wounds or gas gangrene 

B. parasporogenes (C/ para’iporozents) differs from B s/)orogcijcs m jiro- 
ducing a smontl^ round surface-colony, and can aKo !« distingui-'licd b\ 
agglutination reactions with antiscr.1 (McIntosh) 

B. bilermentans (C/ 6i/cMneM/(rMs)ism.iinl\ proteolytic It is motile and 
has jicritnchous llagella Sjxires are formed readiK and are oval ami sub- 
terminal Surface colonies are round or crcnalcil . deep colonies are wnthout 
outgrowths In other characters it resembles R </>ori’gciics Some strains 
are toxigenic . these arc designated U iorddUi 

B. tcroletidns (Cf is also csscntiallj protcohtic It apj>ears 

as a slender b icilbis ‘i to 1 /« m length, which isonlv shghth motile and tends 
tostain rinim-negatixely SiXiresarcnotroadilviircKlured , when seen tlie\ 
are subtermmal in jvisition Surhicc colonies are small (I to 2 mm in 
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SaK non-pathogenic to laboraton- 

B, mulllferraentans tenaltnis (Cl. muUifcrmentam) possesses saccharoMic 
but no proteolytic property (like B. Jalltx). In morphology ,t resembles 
\ . septiqiie but differs m its lack of pathogenic action when injected into 
animals. Surface colonies are large and hav'e irregular margins ; when fuJh 
grown they are raised and opaque. 

B. cochlearius (Cl. cocklearium) is a motile bacillus showing oval termin.il 
spores, and differs from other members of the group in possessing neither 
saccharolytic nor proteolytic properties. 

B. tetanomorphus (Cl. tetanomorphum) is of interest in its close morpho- 
logical similarity to B. (etani. Surface colonies are small, more or less round, 
and transparent. It is non-pathogcnic to laboratory animals. It possesses 
saccharolytic but no proteolytic properties 

B. sphenoides (Cl. sphenoide^ also tends to resemble B. letani in mor- 
phology when the spores are fully developed. The bacilli are motile and ma) 
appear fusiform in shape Surface colonies are round and ivithout projec- 
tions. ft possesses saccharolytic but no proteolytic properties. 

B, eapitovalis (Cl. capiiovale). This organism has been found fos( morUm 
in cases of septic infection in the human subject and it has also been isolated , 
from faeces. It forms spores which are oval and terminal. The surface 
colonies are very small and transparent unth more or less circular borders 
It is saccharolytic and slightly proteolytic. Glucose is fermented, but not 

lactose, saccharose, salicin, or maltose. Jt'hquefies gelatin, but not coaguuted 

serum. In meat medium it produces blackening and a putrefactive odour 
It is non-pathogenic 

B. hastiformis (Cl. hastiforme). Surface colonies are very srnali, tr 
parent, and at first circular, later irregular. It liquefies, gelatin bu 
coagulated serum. It js non-saccharolytic (see MacLennan, lv39) 

B. putrifleus (Cl pntrtficum) was originally isolated from .jj. 

the general characters of the group, but tends to form long .ff 

ments in older cultures. Spores are not usually seen ; when . 

round and terminal. Surface colonies are transparent ivith 
It is actively proteolytic and non-saccharolytic. In meat afid 

occurs and the culture has a putrefactive odour. .Gelatin is 
there may be liquefaction of coagulated serum. It is non-pa © 
MacLennan, 1939) j f-wes ft 

B, paraputrificus (C/. paraputnficum) has been 
terminal oval spores. It is saccharolytic but not man"''®* 

lactose, saccharose, salicin, and maltose are fermented u 
It IS non-pathogenic ^ ^ Surface coloro« 

B. diffleilis (Cl difficile) has been isolated from no'li'l^®’ 

are irregular and rough. Some strains liquefy gelatin, ferniei’t^'I 

faction of coagulated serum. Glucose, salicin, and 
Some strains produce e.xotoxin which is lethal to various a ^ 

B. camis (Cl canits) has been isolated from son. i . ^,^,6 lobate h 
aerobe Surface colonies are transparent, circular, an gaccliarob*'*^’ 

does pot liquefy gelatin or coagulated serum but J but riot n-in* 

fermenting glucose, lactose, saccharose, saiicm, 
nitol. It produces an exoto-vm and on inoculation 
causes a local cedematous condition , , jhe 

B. hsemolyticus (Cl hcemolyticum) has been des j},c gene 

‘bacillaiy' haimoglobinuna ' of ^^?S&cd,but theorp"*'* 

^Pjpi^ological characters of the group. Gelatin is bq 
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is essentially of the saccharol 3 rtic type. Glucose is fermented, but not 
lactose, saccharose, salicin, or maltose. On blood agar marked hfemolysis 
is observed and exotoxm can be demonstrated in fluid cultures This 
toxin when injected in laboratory animals produces an oedematous con- 
dition with blood-staining of the tedema fluid, and sometimes hfemoglobin- 
uria. A condition resembling the natural disease has been reproduced by 
inoculation of cattle (Vawter and Records) 

BACTERIOLOGICAL DIAGNOSIS OF WOUND INFECTION 
DUE TO ANAEROBES 

Samples of the inflammatory exudate are taken with sterile swabs, either 
on wires (similar to throat swabs) or on 6-inch wooden applicators. Three 
swabs should be taken from the deep parts of the wound or from the area in 
which the infection appears to be most active — one for making microscopic 
films, the others for cultures Pieces of necrotic tissue from the wound, 
placed in stenle screw-capped vials or stoppered test-tubes, may also be used 
for examination 

Mtcroscoptc examtnalioii Films are made and stained by Gram's method 
From these some indication is obtained of the existence of infection by gas 
gangrene organisms , when gas gangrene is present Gram-positive bacilli are 
usi ” ' ’ ’ ' ’ ’ ‘ e microscopic picture, 

esp ■ case of infection by 

B ... (A similar infection 

of muscle with streptococci may occur ) The morphological characters and 
special features of the various gas gangrene anaerobes have been detailed 
above and in the Tabloon pp 450-3 It must be recognised, however, that 
microsCopic examination, while providing some diagnostic information, is 
of strictly limited value. 

Ciillures (1) Two blood agar plates arc inoculated; one is incubated 
anaerobically, the other aerobically, for sc\ oral days Since B proUtis, winch 
IS frequently present in wounds, tends to spread over the plates and interfere 
with tlie recognition and isolation of other organisms, methods should bo 
followed which inhibit it (p 308) The surface of the anaerobic plate should 
be well dned to prevent spreading of the growths of certain anaerobes It 
should be remembered that many aerobes are also facultative anaerobes and 
grow quite freely on the anaerobic plate Careful comparison of the growths 
on the aerobic and anaerobic plates is therefore necessary 

(2) Two tubes of cookcd-mcat mcihutn should be inoculated, one of 
which Ix’forc incubation is heated at 05° C for thirty minutes to kill non- 
sponiig organisms It is also adnsable to inoculate a third tube wath a broth 
emulsion of exudate which has been hcaterl for fis'c to ten minutes at 100° C 
This procedure is recommended for the isolation of B ctJemalteiis The tulics 
arc incubated (or several davs 

(3) Litmus milk containcil m a long narrow tube prcvioush boiled and 
then cooled, is inoculated, and thereafter a la\cr of melted vaseline is super- 
imposcil on the column of milk m the tube 

After fort\ -eight hours' incubation the colonics on the blwd agar plates 
are examined with the naked c>candbvineanso(.-i platc-culture mirroscojic . 
and hlnis are aNo made from colonies and stained b\ Gram's mcthml Pure 
cultures are obtained b\ suhctiUiinng single well-isolated colonics The col- 
ons <• bar alters of the sanous anacvolics luivc already been dcscnlxd, «cc ats«> 
the rabk’on pp IV) 3 .\ny siisjiectcd anaerolic must lie examined m sub- 
ciiUure to e'tabh-h and confirm its anaerobic character, and in this connection 
=9 






J G— gas al>M.ucr of Chinee «r reaction 

anabibty of reaction or var>ing reports by iliffere 
irligestne Jition, some nst milling t>pi C 
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“ B. t,,tim are not strict 


anaerobes. In obtanjmff pore groirtlis it is turlher desirable that the 6is 
subculture should be re-plated and a subculture again made from a single 
colony. It may be necessary in some cases to repeat this process forHer to 
ensure that the final culture studied is quite pure, since anaerobes ha\ea 
tendenc}' to form mixed colonies. Confusing results often arise from the 
study of impure cultures. The cultures are finally c.vamined for their various 
fermentative reactions (vide Table on pp -150-3) 

The milk culture is specially useful for the rapid recognition of S uekhii, 
but some strains may fail to give the ' stormy-dot ’ reaction 

The primary cookcd-mcat cultures are of value if there is difficulty in 
detecting and isolating anaerobes in plate culture, e g in the case of organisms 
that grow slowly. These cultures should be e.varained by microscopic film 
preparations and subcultures made on anaerobic blood agar plates. It must 
be noted that aerobes which are facultative anaerobes also flourish in this 
medium. Tiic tubes inoculated with heate(l material mil, of course, represent 
growths of sporing organisms only. 

Certain other cultural method's have also been found of value, especially 
u hen anaerobic jars are not available, r.g. .shake cultures in agar in tubes or in - 
capillary' pipettes stoppered with cotton wool at the wide end and uith the 
capillary end sealed in the /lame Scnal decimal dilutions of the e.\udate are 
made in broth and each is used to inoculate the melted agar (at 
whicJi IS then aJIou cd to solidify m the tubes orjnpettcs. One or more of the 
dilutions u ill yield grou ths with well separated colonies, which can be tca^ 
/erred for subculture by means of a capillary pipette after cutting the tube 
^■arious reducing substances have also been incorporated in media tp pro- 
duce anaorobtosis. ghicosc, ascorbic acid, thioglycoll.^te, 

.Yagfer's reaction is used as a test for identifying to.vigenic if ur < • 

Equal p.irts of Fildes' pvpiic digest broth (or other suitable 
hum.'in serum arc mixed anil 0 3c c is placed m each of too small tubes wi , .j..j 
tn one tube 0 0.3 c c. ot a B UflcJiii antitOMfi (15 to 30 niali) is _ ...„e 

.i.j f-Twanisni 

isiNteefttosat]" 

hiS change 


surface ' curd ' in the tube containing no antito.\m. auu u 


S no antito.\m, auu - -uitares -Ag^r 

tube containing antitoxin The test has alw been applied !> ^gntic 

medium containing 20 per cent human serum and 5 per ^ ^ . \ .j ^ u’ehho 
poured info a Petri pl.ite ^^^Jcn this has set 0 1 c c (5b to 100 aIIo-»®d to 


poured info a Petri pl.ite this has set 0 I c c (ou ^ 

antitoxin (not polyvalent antifo.xjn) is spread over one ?,♦?<! under 

dry Both halv es are then inoculated equally and the plate is 


tnen inocuiaieo equally anu me pi*--'- — - » (ho co‘o“” 

; S welchit is indicated by the .appearance . j antitoxin, 
v.fei.*— .. or upwards of opaque ha\i?s on the *^jTj™grd) 

whereas the presence of antitoxin prevents halo-formabon (se bujun 
i/ienlans produces a weak halo vihichjis inhibited bj- the antu x 


:s resdiiy ^ 


tinguished by other characters jtedetfi- 

Animal inoculation tests should also be earned out tj,e vanou> 

tures to determine pathogenicity P^'^^%fQtection tests tuti 

anaerobes have been dealt with earlier in the species ^ 


specific antitoxins are specially significant m X. 

TTelchu, V septique, and B. ademattens) and 


Jjpijrs 


'glchti For this purpose mice of 20 grms iveight sre 
or intraperitoneally with 50 units of the is usuatO' 

later the culture in question is inoculated into eac parficul^*’ / 
protection in the animal which received antito.xm to Afferent 


prOCCCLtUll ill lliv tlllllllill tvtlUySt , 

of anaerobe The neutralisation effects m th® 

B uelchii and their antitoxins are dealt with on p- 
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ACTINOMYCES AND ALLIED ORGANISMS 

The term ‘actinomycosis' may conveniently be applied to infections, 
caused by a number of allied species in which the organism — vanously called 
Streptothrix, Nocardia, or Actinomyces — forms ‘ granules ' or colonics 
composed of a mycelium or meshw*ork of branched filaments, and exhibit- 
ing m certain cases radial club-shaped bodies. Actinom 5 ’Cosis occurs m 
man in common with certain of the domestic animals, though it is more 
frequent in the latter, especially in cattle, swine, and horses The lesions are 
either suppurative or granulomatous — sometimes in the form of tuberclc-hke 
nodules — and often they partake of both characters , in cattle there is fre- 
quently considerable formation of new tissue. Bollinger first described the 
organism in 1877, and the botanist Harz applied the n.imc Advtomvces or 
Ray fungus owing to the radiate club-shaped structures cluractenstic of its 
colonics in the tissues. In 1878 Israel desenbed the same organism in the 
human subject In 1902 it w’as poinfetl out by Ligmgres and Spitz that in a 
common type of actinomycosis in cattle the colonics are formed not bv an 
actmomyces but by a bacillus to which they gave the name of Actoiobacillus 
.Madura disease also comes into this group though its etiology, gcograpliieal 
distribution, and pathological features distinguish it from ariinornycosis 
Other distinct species of mycelial organisms, without the chanctcnslic 
arrangement, have also been cultivated from isolated cases of disease m the 
human subject where the lesions resembled more or lc«s closely those of 
actinomycosis In icreral instances the organism has been found to be 
' aud-fnst and the acttnom>ccs group is cvidentlj related through inter- 
mediate forms with the tubercle bacillus and the other acid-fast bacilli 

ACnNOMYCES 

While dificrent biological t\ pes or species are included under this generic 
name, in the t\ jutal .ictinomitosis of man and aniniaK ihev present similar 
morphologiral tliaradors and jatliogcnir jirojKTtics , differences between 
sjH’( u’ 2 . are mamli in rc'jwct of cultural characters In the following dcscnji- 
tion Oie general m.irrtisropic and niirroscopK characters of ihcsc oTg.anisiiis 
will Ik- dialt with first, and also tlieir pathogenic relationships, and the 
< iiltur.il ili.irac ters. of the group will be considered later m relation to the 
ditu ri lUial (i..iture*. nf the an opted tsix-s or sixcies 

Mamoimoi'K ( II \ii.s< Tins o^ Till Oi«.\MsM IS I.I sioNs Hieattiiio- 
in\i<“^ g^ow^ in the tis.stics in the form of little round masses or colonies 
whii h when fulls iloielojx-d, are casih MsihK- tu tlic nakcil cie. tlic largest 
iMiug .ilxuu I nun in »li.imcfer whilst all 'tires Ix-Iow this nn\ l>c found 
\\ hen su|'j'ur.iiion is present the tolonics he free m the pus when there is 
ii>> siippur.ilton thes arc ernl»ecl<l«*d in the graniditmn tissue, Inil are usu,ilh 
surroiuidid l>s .1 rone <if softer tissue Ifies iit.u l*e seen in the piis h\ 
spnadirig M our in a thin layir T1m\ in.ii l>c transpariiit and jellv- 
hki or llu \ mi\ Ih- opique and of v.inons <olnnrs -white, \e!Jow, or 
gn-enisli 1 lie .ipjxMr.im c dejx-nds ii|x»n tlinr age niul also iqxiri lh« ir striit- 
iur». llie soimgtr lolonies lx*mg more or less traiisp.irenl. tlie older one> 
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being usually opaque.^ They are generally of soft, sometimes tallow-like. 

consistence, though occasionally •- - 

of calcareous deposit. In the h 
semi-translucent specks, greenis 

yellow. It must be noted that similar granules composed of masses of 
organisms may occur in the tissues in widely different infections, e§. holr){>- 
mycosis in the horse due to a staphylococcus, and sometimes after inoculation 
with the tubercle bacillus. 

Microscopic Characters. Three different morphological elomenfs 
have been recognised, namely, filaments, spores or conidia, and clubs 

The filaments are comparatively slender, measuring about 0-C to J /< in 
diameter, but they are often of considerable length. They are composed of 
a central protoplasm endosed by a sheath. The latter, which is most easily 
made out in the older filaments with granular protoplasm, occasional!) con- 



Fro 131 .Actinomycosis of bunwn li'cr. showing a 
colony of the parasite coioposetl of a felted ir:«s oi 
filaments surrounded by |ws Section stained by 
Gram’s method and safranin x500 



tains granules of pigment In the centre irrepularnctborlcttliid' 

the filaments interlace >vith one another, and lorm a ^ j,-j,asonic%'bat 
may be loose or dense at the periphery they are o ^ course 

radiating manner, and run outwards in Ji wa%y or -51,^5 them ifOf« 

also show true branching, a character which at on o granular or 

the ordinary bacteria Between the at an early 

homogeneous ground substance Most of the _ 

chiefly constituted by filaments loosely armnged I S' “ ^ out. ^ ’ 

the growth may become so dense that Its struc colony to 

dense part, starting e.vcentricall3% may grow 
hollow sphere, (rorn the in the 

distance, - ,,„p 

are Gram- ■ 

the counter-stain , also a beaded appcaranc^i riicju^^^^^^^ 

In the older colonies the filaments ma> slic.ifli ‘ jM 

appearance of a chain of baalh or of j spherical form^ ■ 

may generally be distinguished. Rod-shaped . 
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be seen l3ang free (Fig 123). In culture some forms of actinomyces develop 
mainly as rod-shaped structures (resembling diphtheroid bacilli) with only a 
few branched and filamentous elements 


the inoculation strokes can then be examined at intervals dunng the growth of the 
organism , 

Conidta It is questionable whether the common type ol actinomyces 
found in human or animal lesions produces true comdial bodies Some 
of the filaments of an actinomyces when growing on a culture medium 
become segmented into spherical forms, and these structures have been 
regarded as reproductive comdia and capable of forming new colonies on 
becoming free from the original growth They have l^een reported to possess 


I 


'• 


r 






J 


Fffl 1J3 Film ol cfushoJ colwi) 
ol aPtmoinj'ces Irmn a human 
rase stained li> (>ram'» method 
y I.IKO 



Fio IJi Actinomjecs fii human 
Kidnc), showing clubs racUaJly 
arranged and surrounded bv pus 
The hUinenls had pncticallv dia> 
appeared Section stamctl wilh 
hainalotiiin and fuch-in xSOO 


somewhat higher powers of resistance than the filaments, tliough less than 
the spores of most of the lower bacteria , cultures containing conidia can 
resist a temperature from five to ten degrees liigher than conidiiim-frcc 
cultures (Foulerton) An exposure to 75® C for half an hour is sufficient to 
kill most actmomycetes or their comdia. The conitha arc readily stained by 
Gram’s methotl. 

Clubs These are elongated pcar'sha|>ctl bodies winch are seen at the 
IK’nphcrv of the colons , and have often been regarded as enlargements of the 
slKMth ariiund tlie free extremity of a filament (Figs 121,125) Thc> arc usu- 
al l\ homogeneous and structureless in appearance In tlic human subject the 
club-, arc often comparatively fragile structures, which arc easdv broken 
down and inav sometimes be dissolvcel in vsatcr Sometimes thc\ are well 
scon when examined m the fresh condition, but in hanlcncd preparations arc 
no longer dislingm-hablc In s|K*cimens stained bv Gram’s method they arc 
usiiallv (iram-negative, having a darklj -stained filament running for a dis- 
tance in the centre, and some oliscrvcrs have dcstnlied a knob-likc extremitv 
In mans of tlio colonies in the tinman suliject the dubs arc alM-nt In cattle, 
on the other hand, where there arc much older colonics, the clulis constitute 
the mo't prominent feature, and often form a dcn«c fringe arounri the colony, 
St. lining b\ (irain's inethfxl Occ.iMomII\ inxm chronic Icsmns in the fiuman 
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Mbject the clubs are also Gram-positive, Intermediate staining reactions 
’’>■ Clubs are usually someaS 

acid fast and can be stained by the Ziehl-Neelsen method as for the tuberde 
bacillus if 1 per cent, is substituted for 20 per cent, sulphuric acid Jf has 
been debated whether the dub formation represents a defensive reaction on 
the part of the organism towards the tissues of the host, or whether it is de- 
g^erative in nature. In support of the latter view it has been stated that 
when dead organisms are introduced into the tissues club-formation raa) 
occur. But it ivould appear that two types of club-formation can be tcco^- 
niscd ; one due to the enlargement of the ends of filaments, as originaliv 
described, and another resulting from the deposition around the free ends of 
the filaments of a lipoid-nch material derived from the tissues (Orshoi’) 



pus 

tural ar 
in iiuo 

method apa &juaitiu 

In the majority of cases of actinomycosis m cattle nuhalh' 

detected m the colonies, which are composed almost en - ^5 fujli- 

arranged clubs, and it is from such colonies that the c actino 
vated (vide tn/ra). Such conditions are more correctly ue^b 
bacUlosis , , . nf 1 chronic inllJ'” 

Tissue Lesions. In the human subject the lesionf 
matory type, usually ending in a spreading suppuro lo . ^ sofKn’"!» 

is a considerable production of granulation tissue, w ca^cs, 

in the centre, so that the inflammatory’ lesion outdandn'^ 

however, and especially m internal organs, suppura parasite m 
feature, this is associated with abundant 

filamentous form. In .n oman such as the liver, multiple ^ {.oneyionib 
are seen at the spr< (he . 

appearance, while ’ 

the naked eye. In the older parts the abscesses 
formed large areas of suppuration 
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In cattle the tissue reaction is more of a formative type, there being 
abundant growth of granulation tissue, which may result in large tumour-Iike 
masses, usually of more or less nodular character, and often consisting of 
well-developed hbrous tissue contammg areas of younger formation, in which, 
however, irregular abscess production may be present It is not uncommon 
to find leucocytes or granulation tissue invading the substance of the colony 
and portions of it may be contained wuthm leucoc 3 'tes or within giant-cells. 
which are sometimes present (A similar invasion of old colonies bj’ leuco- 
cj’tes IS sometimes seen in human actinomycosis ) The disease usuallj’ 
remains quite local, or spreads by contmmtj' It maj' produce tumour-Iike 
masses m the region of the jaw or neck, or it may specially affect the palate or 
.tongue, in the latter producing enlargement and induration, with nodular 
thickening on the surface — the condition known as ' woody tongue ' Infec- 
tions m cattle involving the soft tissues and spreading by lymphatics are 
generally due to the Actinobactllus {vide infra) 

Origin and distnbiilion of lesions In the human subject the primary 
lesion is most commonly situated about the face or neck, this indicating that 
the entrance takes place in the mouth or throat — sometimes m the region 
of a decayed tooth, the crypts of the tonsil, or some abrasion of the mucous 
membrane Swelling and suppuration may then follow in the vacmity and 
may spread in vanous directions, the bones often becoming affected. In a 
considerable number of cases the pnmary lesion is in some part of the 
intestine, generally the large intestine, and not infrequently m connection 
with the appendix A peculiar affection of the intestine has been described, 
m which slightly raised plaques arc found both m the large and small intes- 
tines, these plaques being composed almost exclusively of masses of the 
actmom>ces along with epithelial cells This, however, is a rare condition 
The path of entrance may also be bv the respiratory passages, the "primary 
lesion being pulmonary or peribrom hial , extensile suppuration in the lungs 
may result Infection ma>. howci-er. occur by the tongue, by the skin 
surface in any part of tlic body, and lastK . by the female genital tract, as in a 
case recorded bv Grainger Stewart and Muir, in which both ovaries and both 
Tallojiian tubes were affected 

When the organism has invadoil the tissues by any of these channels, 
sccondar> or ‘ metastatic ' alisccsses may occur m internal organs The liver 
is the organ most frcqucntlj affected, though abscesses maj’ occur in the 
lungs, brain (where a pnmary meningitis may also develop), kulncj-s, etc 
In MUh cases the spread takes place 1>\ the blood stream, and it is possible 
that fcucocc tes mat be the carriers of the infection, as it is not uncommon to 
finil IciKut \tcs m the neighbourhood of a colony containing small portions of 
the lil.imcnls in their intcnor 

Source ol Infection. At one time the mcw was held that the source of this 
nrg. 

mg 

U-sulcH recorded in the human subject a certain numlier of c.ascs m which 
there w.is .i lustorv of j>enetratic)n of a mucoii'. surface bv a jvirtion of gram . 
and in "omc i.isc^ such m.atcn.d has liccn found cinlu'ildcd in an infected area 
It has Ueii •■howu, linwescr, that the types of aclinonnces , .{ tsracli and A 
hoi IS. I'olatKi from tlicmajorits ofcascsinman and cattle are strict jiara-sitcs, 
mcapiMc of growing as saprophvtcs ouivjde the brnly Tin common 
Mprophitic actinom\ceti> which occur in soil and gram grow rcaihly m 
« ulture .at nxini temiH-ralun- tinder atrobic conditions, when as the common 
lyjH-s of |»ath»*genic actmom\rc-s arc micro-atropluhc and c.*innnt grow 
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They also obtained a similar organism in culture from the disease in cattle. 
In this species it is the chief causal agent of actinomycosis affecting the bones 
of the head Henry cultivated from actinomycotic menin- 
gitis an organism which was a stnct anaerobe and which 
exhibited similar characters Colebrook, m a study of 
twenty-four strains of human origin in this country, found 
that twenty-one conformed in their general characters and 
resembled the Israel and Wolff tj^ie, while two others 
showed slight differences in the characters of their groivths. 

Among a considerable senes of strams isolated bj' us from 
human cases the great majority ha\e conformed to the Israel 
and Wolff type. 

Serological characters According to Enkson, two groups 
can be recognised by agglutination reactions one com- 
prising strains isolated from human cases, the other strams 
derived from cattle {A bovts) 

Experimental tnoculaUon with the organism of Israel and 
Wolff in various animals, including guinea-pigs and rabbits, 
has given rise to ’ ‘ ‘-•-‘i the char- 
acteristic colonic ns usually 


have not a 


prc^ 


obtained 


tmom)ce» 
glucose Agar, 
shonins the 
maximum 
gro^sth at some 
distance from 
the surface of 
the medium 


a nodule as large as a man's fist on inoculation of a cow 
Inoculation c.\penments. however, have yielded irregular 
results and ha\e often been unsuccessful Various methods 
have been recommended with a. view to producing c\pcn- f,o isn* Shake 
mental infection, e g repeated large mocula by the mtra- culture of ac- 
venous route, injecting the culture m solid medium, 
preliminary injection of calcium phosphate . but none of 
these procedures can be relied on'to gi\e uniform results 
According to Naeslund's observations the presence of mixed 
infection plays an important part in conducing to the 
development of progressive actinomycosis 

Actinomyces graminis* (Bostrom) On agar or glycerol agar at 37® C , 
growth IS generally xasilile on the third or fourth day in the form of little 
transparent drops which gradually 
enlarge and form roundetl jiro- 
jeclionxofa reddish-yellow tint ami 
somewhat transparent apjie.irancc, 
like drops of amber. The colonies 
tend to remain separate, and even 
when they become confluent, the 
nodular character is maintained 
Tlicy ha\e a tough consisteme, 
being with difficulty broken up, and 
adhere firmly to the surface of the 
agar Older growths often show 
on the surface a sort of corrugated 
asjicct (Fig 12f<). and ma) some- 
times present the appeamnee of 
ha\ing l)cen du'tcil with a brownisli-\ellow jKiwdcr 

In cultures at an e.irl> stage the growth is composed of branching fila- 
ments. which stain uniformh (Fig 122). but liter s«»iiic of the filaments ni.i\ 

* From illmtraiKir* l»y J II Wright. 

* ThM name his l>«n <Di;c<^tr<l b) Toj^W am! Wilv'n 
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pus made at random in the usual way and suitably stained may in certain 
cases reveal the organism, it is essential that actual granules or colonies 
should be examined. In the case of sections of the tissues, Gram’s method 
with a counterstain juelds excellent staining of the mycelium. In cattle the 
clubs are strikingly demonstrated bv staining with carboJ-fuchsin and to 
decolorising with picric-alcohol ; or the preparation may be decolorised wth 
1 per cent, sulphunc acid and then counterstained wth methylene blue. 

Cultures should be made both under aerobic and anaerobic conditions on 
glucose-agar plates and in shake cultures. Magnusson recommends keeping 
the cultures in an atmosphere of carbon dioxide. The medium should be 
inoculated directly wth whole colonies from the pus Owing to the sIok 
growth of the actinomyces, however, the obtaining of pure cultures is some- 
what difficult, unless the pus is free from contamination with other organisms 
When other organisms are present the granules should be picked out wth a 
loop and added to sterile saline in a tube, then washed with several changes 
of saline. They are then shaken in absolute alcohol for half a minute, washed 
again in three changes of saline, and finally transferred to the culture medium, 
M. Gordon has recommended for primarj' cultures from pus, the useofbjocd 
broth (in tubes) under a layer of sterile paraffin to secure anacrobiosis if 
necessary. In this medium the organism grows well in the form of granule 
If a mixed growth results with other organisms present, the colonies in 
medium, after washing with sterile saline, arc transferred to pUtes, ana m 
this ^vay a pure growth can be obtained In infections iritb M/jmaciiius 
the serum contains agglutinins for the organism and the agglutination te» 
may be of some value for diagnostic purposes. 


LEPTOTHRIX 

The designation, leptothrix. has been applied in tnedical bacleriokfl ^ 
those filamentous organisms which generally resemble the 
differ from the latter m the absence of branching (Figs 4, 1-;- « t ^ 
type IS a common inhabitant of the mouth and has . 

httccahs , It may be found in the tartar deposits on the teeth. 
seems to flourish especially in the pockets between the 
pyorrhoea alveolans and its growth has been regarded as ^ •^jnaval'O 
formation which is so marked in pyorrhoea (Bulieid). A ep , been 

occur in the tonsillar crx’pts. Concretions m the Wehare 

found to be largely composed of growths of :his type o org t ^p^othnefs 
observed a ‘ mycosis ' of the tongue prodi- vd by a conditions in 

have also been recorded m inflammator’ .md suppur ^ orcanom^ 

'region of the mouth and throat, but th- in a ca<cof 

seems to be relativel}' weak. Gifford has desenbed * P gtudiid »n 

recurrent conjunctivitis. The leptothnx group ha (.la<;sificali‘'a- 

sufficient detail from the biological standpoint to m unbranch^ 

The orgamsms are usually observed m the may N 

filaments which are typically Gram-positive. S aerob 

noted sinlilar to large bacilli. TOey f „„ gelatin way H' 
and anaerobic strains have been desenbed. Cultur soj 
liqnefacnon P.gmenf-producrng tl-pea '■ 

also been observed (See Gifford.) 
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BACILLUS (OR ACTINOMYCES) NECROPHORUS ; BACTEROIDES : 
BACILLUS FUSIFORMIS: BACTERIUM PNEUMOSINTES : 
STREPTOBACILLUS MONILIFORMIS. BACTERIUJI MONO- 
CYTOGENES- ERYSIPELOTHRIX- ORGANISM OF BO\TNE 
PLEURO-PNEUMONIA AND ALLIED ORGANISMS . BAC- 
TERIUM TULARENSE 

BACILLUS (OR ACTINOMYCES) NECROPHORUS 

This organism has been found associated mth various necrotic and sup- 
puratne lesions in animals (‘ necrobacillosis ') It was described as the cause 
of ' diphtheria ’ of calves by Schmorl and others, and occurs in liver abscesses 
(‘ bacillary necrosis ') m vanoiis domesticated animals Other conditions in 
which it IS found are gangrenous dermatitis of horses, ‘ foot-rot ' of sheep, 
and necrotic stomatitis of pigs In the human subject it has been reported 
occasionally in suppurative lesions, including sloughing septic wounds, but 
has been isolated from the mouth and intestine of healthy persons and also 
from the vagina 

The organism is pleomorphic, vary'ing from coccoid forms and slightly 
curved rods to long svavy filaments arranged in felted masses These ma> 
attain a length of even 100 n Sometimes thickenings are present m the 
course of tlie filaments or at their ends Branching is not a feature, but has 
been desenbed by some observers The organism is Gram-negative and non- 
acid-fast When stained it may exhibit a beaded appearance. 

Cultures are obtained under anaerobic conditions on serum agar or blood 
agar at an optimum temperature of 31“ to 36“ C The colonies are small, 
circular, and transparent with dentate or fimbriate borders , but sometimes 
large colonics develop Cultures have a characteristic ' chccse-like ' or foul 
smell Tliia IS particiiLiriv notitcable when the culture is groun m miJi: 
The organism is non-profcolytic, Init produces indole Acid and gas are 
produced from glucose and maltose, but not from lactose or mannitol 

Rabbits and mice are verv susceptible to c.'cj*enmental inoculation, eg 
siibciitancouslv .a marked local necrotic lesion develops and they often die 
1 he organism produces app.irentlv' a nccrotising endotoxin Strains denv ed 
from man seem to be less pathogenic to expcruncntal animals th.m tho-e 
iMilatcd from animal disease 

A bacteriological diagnosis of the infection can \k established bv micro- 
scopic examinalioii of stained films m.idc from the nccrotii tissue, followed 
b\ ( ultnalion of the org.iniMri. hut direct cultures arc often ilifficult to obtain 
owing to admixture of other fwetena This difhcultv inav Ik overcome liv 
iiUKiilating rabbits or mice with material from the Ksion and then isiilating 
the orgaiii'in cm sc-rum ag.ir umler anaerobic eonditions from the lesion 
pnxliicrd in the inoculated animil 

Ihc taxononu of this organism presents ddficultv While som^ have 
cl issiiu-d It with Aclniiwnce^, others have suegested ih.it it is mote allied to 
H /itiiformis li Is a somewhat simihr organism ns regariN 

biological characters and palhogeniaty. and is inchnlcjcl b> .\m«Tican 
s\ stematisls m the genus lljeterntJes (in/« infra) The cl issification and 
relitioiiships of the-'-* organisms rcijuire furilnr investigation 
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BACTEROIDES AND BACILLUS FUSIFORMIS 


BACTEROIDES 

' Reference has been made in Chapter I to the general characters of organ- 
isms classified in this genus by American systematists. The organism 
originally designated Bacillus fragilis {Backroides fragilis) may be taken as a 
representative species. It has been isolated from acute appendicitis, sup- 
purative lesions of the urinary system, pulmonary gangrene, and from cajes 
of septicmmia. It occurs in the form of small, non-motile, non-sponng, 
Gram-negative bacilli, which may show polar staining. It is an obligate 
anaerobe. Cultures can be obtained on ordinary media at 37® C., but groidn 
IS not abundant* The colonies arc small, greyish, and irregular in outline. 
Gelatin is not liquefied and indole is not produced Glucose, galactose, 
lose, saccharose, and maltose are fermented with acid production and gas, 
and some strains also ferment lactose. Sulphuretted hydrogen is not orm . 

On experimental inoculation cultures have been found to be patnogem^ 
producing subcutaneous suppuration in rabbits and other anima >, a 
sometimes extensive necrosis of tissue. * „r 4 Uinies- 

The various members of the genus appear, to be inhabitants ot 1 
tinal tract of man and mammals and some at least P?*®* S fi,. 

genic properties. Many of the species or types 

investigated and the taxonomy of the group is s*’” L jolsiJerd 
to B. fusifonms, BMister, andS. i , this requires f»rti'« 

and all these organisms might be grouped together , Q 
study (see Pr6vot , Eggerth and Gagnon). » 

BACILLUS FUSIFORMIS (FC/SOBdCTFRIWI^ WAUri-I 

Babds in 1881 desenbed organisms '"..LffotSsro! 

affection of the fauces, and since that time °j(;ve gingiiids anJ 

has been noted in necrotic inflammatory n™ They lis« ‘''®° 

stomatitis, noma, gangrenous balanitis, ?«“Cparts of' the bod,-; 

been found in pulmonary lesions and rf toiform liscilli adt 

in these the pus IS very toul-smelling. The associauo j of 

a form of angina has been specially '■<'<''’8'"^^ “ ^Icr the name of ‘ ''I"™* * 
Vincent , and this condition often "° Z a diphthcroiil tjpe. 

angina He recognised tivo forms of the false 

characterised by the formation >o„,„su„erflcialnlcera 

very like that of diphthena, associated ? h, and fool-s'”'"”|; 

(6) an ulcerative type, whore the membrane bs^PjI ,o„„eoty^ iu 
attended with ulceration and s'"’'™"'*'"® v iiicli is distmr h 

tZ bacilli may be present Mono -n th ter,_i ^ or 

commoner, there arc also spirrwhKtes ‘ measuring 6 •“ 
slightly curved, and are tapered at tlici ^ gj portion often st ^ 

deenb' "•>* Lofflo^’* n>o‘hy>0"0 delicate oreali«^;%He 

ic^Graro-negative The spirocliKtes MC long „o„nce 
several irregular curv-es, found in nonino,”*’ 

Roii-eiw refringens and similar organia^ Soroetimcs Ih') " ,.as«n»” 
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there is usually to be seen a darkly stained band, a short distance below the 
surface, which is due to the presence of lai^e masses of the fusiform bacilli 
closely packed together ; neither thej' nor the spirochcetes appear to pass 
deeply into the tissues. It is also to be noted that fusiform bacilli are some- 
times present in the secretions of the mouth in normal conditions, and mav 
occur in increased numbers in true diphthena. Vincent's observations 
have been confirmed by others, and there is no doubt that fusiform bacilli, 
of which there may be several tj-pes, are associated with various spreading 
necrotic lesions. Ultcrati\e gingmtis and stomatitis have been found to 
be associated with the presence of the same organisms, and in some cases 
these lesions precede the infection of the fauces It would be ad\nsab!e to 
apply the term ‘ Vincent's infection so as to include all the conditions pro- 
duced by B fitsifnrmis and Bor. vtnceiiU In phagcdajmc lesions of the gem- 











I to 1 11 I'llm pfi piMOon Inxn « mm" of \ incpitt’* 
atisifii. iliouTOi; ru%if<>rni hictlU an4 »pirochtn< 

«>th dilute rjtlKil-liKliMO x l.Oia) 

talia, fusiform bacilli are iisuallv pre^rnt. 'Mthor without spirochartes. thougli 
in our experience they arc as a rule of smaller size than those mot w itli in tlic 
tliro.nt \'inceni's infection has also liccn found m certain forms of tropic.il 
ulcer (itlctis tropicuvi) Cultures, of fusiform bacilli h.a\e liccn obtained b\ 
lillermann. Weaver and Tunmrliff, Smith, and others They crow onlv 
under amacrobic comhtions, and the iK^t media arc tho’^e consisting of a 
mixture of scrum or blood and agar.fg 10 per cent blootlagar The optimum 
tcmjwraturc is S"” C and growth docs not occur at room tcmi>eraiure The 
organisms form snuU roundctl colonus of whitish or ycllowa<h colour, some 
what like those of a streptococcus. Imt rather felled in api'carance on the 
surface Ohler colonics ma> show marginal projections In cultuft.^, c^jicci- 
allv m lluul metha, undulating filamentous forms may l>c found, hut there 
docs not appear to 1*0 sufficient cxidcnce that the fusiform h.inlU and the 
spiroch.ctes found in Vincent’s angina are stages m tlie development of the 
same organism, as maintained by TunnicUfl Knimwac<le and Pratt, for 
instance, found that the fdamentoui forms were not true spirr>cli.T:tes, hut 
merely represented vanalions in morpliologv*. Thes^r oliscrvcrs studied the 
fennentative projicrties of If fuit/ormis and founil that it fermented vanuos 
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sugars «.tliout tire (onnatioii of gas ; they distinguished tivo t,.pes „„e 
ternrentmg sncd.ntose, tte other not, Knorr has distinguished ttaeftyS 
Injections of [inrc cultures in animals sometimes soppJuM 

but never necrosis (EHcnnann). «l>puid«oii 

It is probable tljat thc^ee^istsa^^oupof Bicseorganisms'; butdiffieuWes 
in tiicir isolation and cultivation have hindered exact study of them Thei'r 
relations lips to such organisms as HactlUn tiecrophorus and the siKaiied 
liaderotdes group also retjuirc lurtiier study. 


BACTERIUM PNEUIUOSINTES {DIALISTER PREUMOStXTES) 


In 1921 Olitsky and Gales dcscrilicd asupposed filter-passing agentmthe 
naso-pharj’n.v of cases of tniltienza, which could only be demonstrated in the 
earliest stage of the illness and was absent after thirty-six hours from the 
onset. WJien inocuiatcel intratrachcall}' in rabbits it produced fever, leaco- 
()enia, li.T/norrhagcs in the lung uith a-dema and emphysema Also, it appar- 
enll}' underwent increase hi the lungs and could be transmitted through 
animals in series. Tins agent could be passed llirough Berkefeld Vand.V 
filters, and withstood f*t) |x.t cent, glycerol for long periods. It ^ras identified 
as an evccedingly minute, non*motile,coccal or bacilloid structure measunnit 
o-l.> to 0'.3 ;< in length and designated BacUrium pneumosinln. CuUmesUom 
filiraH's Were obtained! in Smith-Nogitchi medium, and, when jnoculated 
intrntrarheall}' in rabbits, rcprmlnced the effects already desmbed as 
following (he inoculation of filtmtes of the naso-pharv7igeal secretion. The 
I ondition prcKluccd in animals b> the filterable organism was regarded as 
.m.ilogous to the jirimary condition in epidemic infiuenza. Tlie occurrence 
of a siniil.ir organism in inthiciira has been noted by others in different 
of the worM ((ionlon. Lister, and others) Later, Ohtsky and Gates, Garroa 
and otlicr-i, showed that similar anaerobic fiJter-pas.ring Gram-negatwe 
organisms ma\ occur normally in the throat secretions; and ^ 

.u ct'ptecl that Bad. pneionosttUcs ha.s no relationship to epidemic mnuc 
It is doubtful if such organicms have any pathogenic role. 

U'InIc the vhar.ictcnstic morphological .appearances are . .j' 

.ifter contmuon-* artificial culture the bacillary fonn becomes morem^ • 
the length <i{ the organism increasing to 0-5 or I /« 
pairs, or even in short chains It is best demonstrated m ^^hure 
with p<'Kchrome methylene blue ft can also be stained, 
simple stains, and is Grain-negative It is a strict anaero . 
grown in bmith-Nognchi medium a cloudiness forms in the me • 
after three to four da\s at 37' C . at the foot of the tube 
fragment Colonv growths can be obtained on blood agar. can 

very small and transparent and take several days to appcM. 
also be obtained on glycerol-cgg medium and .j-e unknoioi 

The relationsliips of this organism to other o _Lus 
Amencan systeinatists have classified it in a separa g 
Dmhstcr 


STREFTOBACILLUS MONILIFORMIS 

Tins organism \v.as isolated by Levaditi and his Parker anji 

m cases of erv’thema multiforme and was described . Ha^erhu 

HiSson as the causal agent of a condition design^ them 

fevcT^Eryi/iana arUirUtcum epidemcnm ^^^|;,ematou5 skin eniptioc 

illness characterised by multiple arthntis and an er> 
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It has also been reported in epizootics in nuce (Levaditi et al ; JIackic 
et al. •, and Strangeways) and has been found in the nasophar>’n\ of rats 
(Strangeways) This organism is responsible for a proportion of cases of 
‘ rat-bite fever where the wound has been infected from the secretions of 
the animal’s mouth The resulting disease resembles Haverhill fever (see 
Brown and Nunemaker) (It should be noted that another type of rat-bite 
fever is due to Spirillum minus — vide p 509 Although the two forms of 
illness are verj’ similar, the spinllar infection tends to have a longer incuba- 
tion, and arthritis is not a feature , also this disease responds readil}’ to 
arsenical drugs.) 

In mice the organism produces a general infection and multiple arthritis. 
The joints of the feet and vertebrse are frequently affected and sw’ellings 
of the feet, legs, and tail are noticeable Paralysis of the hmd legs may occur, 
apparently as a result of vertebral lesions Post mortem there may bo 



Til. 13* Slrepiobaolla* mnnilifonnit Film from 
culture »liowine (onm nith fust 

form e)ipn>*ioi»% StainrU dihitr rarlujU 
fu'hsm aI.!*"* 

onl.irgomeiit of the spleen, which shows areas of necrosis The li\er is some- 
times similarly affected < onjunctivitis and enlargement of Ijinph nodes 
are abo lommon features 

Ml< |{()>;ci>pii. CiiAKACTl Ks The organism is evttedinglv pleomorphic 
Of ( urrinij ns non-motilc. short (jrani-ncgativ'e bacilli ( 1 to Jt /i b\ u-3 tod J /i) 
or as clong.itcd filaments whiih mav show fustfonn or globular c\p.insK)ns 
(I'lg n2) these arc most frtqiicntlv seen in rmnth isnlaleil (ultiires 
•sonu obsofNcrs have dcsmltcd brandling of the hl.imeiits .imi it is jv)s»iblc 
that streptnthnx like forms rc|K)rteil bv liottimillcr and others in cases of 
rat bite fever have been strains of this organisin While in culture the 
lil.imentous forms mav suggest m\<ehiim forniatioii there is no true brant lung 
(van R*x>\en) 

(iITtKvi tilMiWTlus V high ciHKi iitratKui i>( hlixxl or strum is 
nciess.ir% for m.i\imum grr»wth «n tullure luethuin f.ofhers serum is 
six'ti.ilh suit.ible (.irowtii o««urs atrohirilh ami aKo under an.ieriiliii 
I onditions ant) In-st at 37“ ( No grttwili «Mt urs at room tenijn-ratiire The 
lolonies are at first pm {»>mt in si/e and do lUtl as .i rule CMet-d 1 mm in 
tlnmeter Uicv arrcirtular tmiisjun nt shghtlv loiivcx .iiul rolotirirs.^ 
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SlM/ttfffZhk " E™ ‘’?r “ntinmd cultmtion 

wabjlii) IS feeble For obtaining blood cultures the most important factor 
seems to V a high proportion of protein in the mixture, e g. 1 volume of the 
unciotted Wood added to I to 9 volnmes of broth (if the illness has fasltii 
over a week it is adnsible, in case antibodies have developed, to centrifuee 
hepannated blood from the patient and to a'dd the sediment to broth J>J//s 
serum— animal or human). On incubation colonies of the organism are seen 
as minute fluffy balls resting on the sedimented red cells. Strains appear 
to be homogeneous in their serological characters. 

Klicneberger has described in cultures of Sireptobacillus momlijomis a 
symbiont which resembles the organism of pleuro-pneumoni^. Tbesyinhiont, 
observed by means of impression preparations of colonies, shows no bacillarj' 
structures, but occurs in the form of filterable granules, filaments, and other 
structural elements similar to those of the pleuro-pneumonia organism {liii 
tii/ra). Klicneberger has also reported the separation of the symbiont from 
cultures of SirepfodactUits moniltformis. l^’an Rboyen, who has studied tfie 
morphology of this organism in impression preparations, has been unable to 
confirm tlie existence of an independent colonial system as described by 
Klicneberger, and has drawn attention to the occurrence in the organism ol 
characteristic retractile granules which may also occur e.xtracelluJarly. He 
states that they show a close similarity to the granular phase of the 5)111^0111 
described by Klicneberger. It is difficult to interpret these findings The 
frequent occurrence of (he ‘ pleuro-pneumi- ' ^ 

Streptobacilhis vioitthjonnh might suggest * 
the latter On the other hand, its isolati- 

point to its being a separate entity It is noteworthy that both organisms 
occur in the pharyn.v of rats. . . 

ExrERiAfC.NTAL Inoculatio.v. Mice can be infected experimentally 
by inoculation with cultures, but different races of these ammcils 'W 
siderablj' in tlieir susceptibility both to the spontaneous and th^ in ucce 
infection. The Simpson-Marcli albino strain is specially susceptible 
ordinary hybrid black-coated stock mice are highly resistant. 
inoculation leads to a rapidly lethal genera! infection or a subacu f ' ' 
with localised lesions in bones and joints, as in the spontaneous 1 
(vide supra) 

BACTERIUM MONOCXTOGEltES (LJSTEBIA .\fOXOCYlOG£^£S] 

Tills organism was described bj' Afurray, "Webb and a 

of rabbits in which an excess of large mononuclear ceils in „erbiffc5, 

striking feature. It has also been reported m yfacGrefior) 

sheep, and in meningeal infections in man (Bum - . . 'j /^.^turcs of 
The same organism has been found in cases presenting t e c how- , 

infectious mononucleosis ; this condition has been j-a^bits and 

ever, as a virus disease. The orgaoism infection and 

guinea-pigs, produces a monocytosis like tliat ol “ . necrotic 
maj' locaJise in the myocardium, hver, or spleen. ^ high!/ suscep- 

and m the meninges rvith associated inflammatiori. tjiose of 3 

tible to experimental inoculation. The microscopic c .-,j.vinS 
Gram-positive, non-sporing bacillus uirt be disposed P;f 

from 2 to 3 ft and about 0-5 m broad. \ show a consider- 

end-to-end or lying at an angle to one another , J but fdamentoi^ 

able degree of pleomorphism. No branching is . 
forms have been seen. The organism is motile and a 510^ 
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has been debcnbecl. Motility may not be pronounced and is best seen bv 
dark-ground illumination The staining may be either uniform or irregular, 
the organism in the latter case having a beaded appearance Cultures can be 
obtained under aerobic conditions at 37“ C on ordinary media, but growth is 
better on a medium containing blood or liver extract The colonies are small 
and transparent Old cultures have a tendency' to become mucoid The 
organism grows on a blood-tellurite medium producing minute, dark-brow n 
glistening colonies Glucose is fermented and to a slight e\tent vanous other 
carbohydrates. Indole is not produced Gelatin is not liquefied The antn 
genic characters of Bad monocytogenes have been studied by Paterson. By 
agglutination and agglutinm-absorption tests he has recognised four types 
differing in their somatic and flagellar Antigens He has found human strains 
in all four types, strains from rodents in one tj'pe and from ruminants in 
another , strains from poultry have been found in two types The source of 
infection in human cases remains obscure , so far it has not been possible to 
trace these definitely to animals It has been suggested from clinical findings 
that the organism may reach the meninges ita the middle ear The bio- 
logical relationships of this organism are doubtful Some observers have 
placed it in a separate genus (Ltslerella or Ltslena), but it may be related 
either to the Ervsipelofhrix or diphtheroid group 

ERYSIPELOTHRIX 

An organism of this group {Erysipelothnx or Bacillus rhitsiopathice) is 
responsible for a disease of pigs known as * swine erysipelas ’ Cases of human 
infection {' erysipeloid ’) by the organism have been observed, the «kin of the 
forearm or hand usually being affected, e g in abattoir w orkers Septicsmta 
may’ also otcur The organism has been found in tlie tonsils, intestine, and 
fajces of apparently healthy pigs Though potentially iiathogcnic, it is 
apparently a normal inliabitant of the alimentary tract of these animals It 
mav exist in dung heaps, sewage, and soil and lias been found in fish In the 
acute form of the disease there is a general infection, and the organism can be 
demonstrated microscopically m the blood, especially inside leucocytes A 
characteristic of the disease is the occurrence of multiple diamond-shaped 
patches of congestion, and often haemorrhages, in the skin— hence the 
designation ‘erysipelas’ In chronic cases there may be a ' vernnose ’ endo- 
carditis In some cases arthritis occurs. The organism is a slender non- 
niotile Gram-poaitive bacillus (I to 2 /» by 0-2 to U 4 /i), but mav develop 
longer filaments and show true branching It is. a niicro-acrophilc organism. 


of solid media arc very small, delicate, and transparent, .in<l rarely exceed 
half a millimetre in diameter Cultures may show aho a rougli colony vari- 
ant. which IS larger than the .smooth form, has a granular structure and 
timbriate Ixirdcr This sanant is less sirulent than the s-mooth form Ihc 
cli^nsc has been reproduced in pigs bv inoculation of cultures Inoculation 
of mice protluccs a gencnil infcrtion which is fatal withm a few da% s I’lgcons 
arc also highly susceptible Subcutaneous inocul.nion of rabbits leads to a 
ditlU'V inllimimtion with iixlcma Animals can l>c protcctc<l against the 
di'O.ise b\ ailmini-trution of an immune serum followed In inixuhtnin with 
a s inileiit culture The disease can be ircatwl with imimine M.-nim .and this 
should employ eti aUi m hum.an cases Multiple ser«i.>gual CTinij>s of the 





„ nism have been ^ 
reactions (Gledhill) S®/’ <*‘«erentiated- h, 

«ie microLopic demomlr-,r‘'“'"'’'“®'“' diagnosis cs®® "‘'"'"''‘'’“'■P'™ 


rsHSte-""""-” 

.na tL“£ n'f'="'“‘'^ O" ‘ha otherta“d ^ 

■ng through filters which hold back the ofa‘* ? “ “ capable ofpiss- 

^e? recPhation at 37" c "*'’ “ ™.bfe 

medium and becorr,^,. , a slight tiirbMiV,. •- a. 

seen m the fluid 
may be got in th 
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sur ace and opaqtte centre 

ttmbonate, and can bo detached frL he'lT ' 
>s no growth below 30" C ?c „ ' “ 


mm tWithagranuIarbroHTiish 
’ I mm. in size ; it is nhitish, 
ArM only With difficulty. There 

Acid IS produced from a number of ferinenfable 
*^^0 in a fe\v w eeks, the develop- 
“-am 111 {successive subrniMir.»c '®^^®ntation of glucose, hastening 

Heating for orh“s‘‘rkitcXuS^ 

morphism and "that'StamToms** ’ai* shomd great pleo- 

Gram-negative at £ st?™/ T succession in cultures. It is 

fairly intense stainmp ^ requires for its satisfactory demonstration 
charicterTthf coTonms®d,?‘'; '™™ elation. The tenacious 

hindered the elucidation of^fif mucoid matrix which is formed, has 
microscoDic nr^mrafi microscopic appearances, and artefacts in 

ham used the m^rh cultures haw also caused confusion heding- 

f ^^P^^^ion-preparations in order to study the 
as consistinf nf filterable elements, which are regarded 

similar to fhoc plastic masses of free protoplasm essentially 

which shnu'pH if ‘^^mposing non-fiiterable elements, filaments grew out 
he rr^nfcl branching. Then the filaments, cither at their ends or in 
intpn?p beads of great wnety in size and shape and wth 

TjiKrirtc ^bromatin stains From these there arose rings, spheres, 

AmnnH Other forms seen m cultures at the height of growth 

nrouna tne deeply staining material whidi mth Giemsa's solution assumed 
me pu^le colour of chromatin, a pale blue-stained sheath was seen 
e ing am considered tliat the organism shou's close affinities sMfh the 
actinom5’cetes Earlier observers gax'c the organism the designation 
Asterococciis mycotdes 

The developmental cycle has also been studied by Tang and his co-worhers, 
ose results may be summarised as follon^ there is an elcmentar}* granular 


“i'—w.,tciiv,^..icnusai j g 

umose results may be summarised as follon^ there is an elcmentarygranuia 
phase consisting of coccoid or cocco-bacillarj' forms, 0-15 to 0-1 /« in diameter . 
these granules develop into spheroids, 0-4 to 0*8 /« in diameter and from the 
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latter peripheral buds are formed , the buds separate from the onginal struc- 
ture, but remain attached by a dehcate filament , protoplasmic condensations 
form in these filaments and from them new filaments de\elop , thus, the 



iMiiaiihail Iroin lxfiin,:h»n ) 

fil inicnis Kfow and branch to form an interlacing mvcehmn later the j‘rnti>- 
plasm of the filaments Iwcomcs condcnMxl <0 as to form cinins of ci>crns like 
ivodies , finallv the chains di^mtigratc into the Hementarv granul ir IkkIics 
Khcncl>CTgcr and Smiles hive described a 'iniplcr process of rejiriKliirtton , 
ihc elementary granules develop into spheroids, which licrorne irregular or 
lihmcntous .and uiulcrgo segmcntalion into multiple deniatuts, \ntliiri 
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such segments dceply-siumi„g bodies like nuclei may appear and hin 
subdivide ins.de a limiting membrane, this being followed 
of the protoplasm, so that a number of merozoite-like dcOTalives result 
as m the schizogony of the malaria parasite; these finally become free 
OTd their cytoplasm is lost, the residue constituting the demeiitan' 
^anule. The descnptions of the morphology and reprodoefion of lie 
organism given by different observers leave considerable doubt as to ib 
true characters, classification, and biological relationships, and these require 
further investigation. ^ 


Expenmenial iiiocu/ntibu. Subcutaneous injection in cattle \nfh erudite 
from the natural disease or with a virulent culture produces a local inflam- 
matory lesion, and death may ensue. At autopsy an abundant serous exu- 
date is Qbsen.’cd in the interstitial tissue of the lungs u*ith some exudate 
also in the pleura. Daubney has rewrded the reproduction of the typical 
disease by intravenous inoculation of exudate or culture in agar which is 
arrested m the lungs and formsi nifial foci frim which the pleuro-pneumonic 
condition develops Laboratorj' animals are not susceptible to experimenia} 
inoculation. 

Innnuntiy. Immunisation against the disease has been achieved by inoc- 
ulating exudate or a living culture of the organism into the point of the tail ; 
this does not bring about the typical infection and produces an ‘immunity 
lasting for about a j'ear. Convalescent serum has been used to produce 
passive immunity. Specific antibodies can be demonstrated in immune 
serum. Serological differences have been found among strains. 


Other Okga.ntsms Rcscmbunc Tiiat Of PLEURO-PhSEUMOMA 

Agalactia, a contagious disease of sheep and goats, characterised b) 
inflammation of the udder, eyes, and joints, is due to an org^ism simi >1^ 
to that of pleuro-pneumonia. which can be isolated from the affected join 
and related lymph glands The disease has been reproduced m ' J 
tnr.rM7;iftnn nf cultures A solid immunity follows fecovery. 

• - - as a sjmbiimt 

dthesarneUpcm 

pure culture from the lung of a rat. J He queaiiuu « blis 
dent species or a variant of the streptobaallus has already ^ 

The latter organism occurs normally m the pliarymK of rats 
have been isolated from rats (bronchiectatic lesions. 
and polyarthritis) and from mice (polyarthritis, the brain m -i ^ jn flogs 
conjunctiva, and respiratory tract). Strains have bee.i ^ ^ w 

and guinea-pigs. Saprophytic strains have 

sewage, soil, and manure (Laidlaw and Elford , Seins «;• uteri ol 

Dienes has demonstrated organisms of the group . l,. 
patients with pelvic infection , and they nj ^omen, often 

inflamwatoTy exudates in the genital tract if horn cnmetrnies 
associated with gonorrhcea and Trtchomorws x-aguut 
from any pathological condition. of rats and mice fiai 

The association of such organisms with . rheumatic 

raised the question of their possible rela'icnship relationship 

in man, but there is no endence so far tiiat they ■ 

rheumatic lesions. . „„ „„j +he varioui 0'^. 

For detailed information regarding ibis KHeneberger; " 

desenbed the folloiving authors should consul 
Findlay et af. , Laidlaw and Elford; Sabm. 
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BACTERIUM TULARENSE {PASTEURELLA TULARENSIS) OF 
TULAREMIA (DEER-FLY FEVER. OR OHARA'S DISEASE) 

This organism was first described by JIcCoy and Chapin in a plague-hke 
disease of ground-squirrels in California The infection also occurs in other 
^vlld rodents, e g. jack-rabbits. rabbits, hares, lemmings, field-mice, etc , and 
has been found in sheep, calves, and birds. The organism is a \'ery minute 
bacilloid or coccoid body measuring 0*3 toO 7 /tin its longest diameter. It 
stains Gram-negatively and m films from animal lesions often presents the 
appearance of a capsule It can be demonstrated microscopically in the spleen 
of infected animals where it may be present m enormous numbers Artificial 


has proved verj' suitable meat extract, I per cent peptone, 1 5 per cent, 
agar, and 0-5 per cent NaCl, adjusted to a pH of 7*3 , before use 0 1 per 
cent cystine and 1 per cent glucose are added, and the mixture is steamed 
for fifteen minutes, then cooled to 45® to 50® C and 5 to 10 per cent rabbit 
blood or 5 per cent stenle human serum added (Francis). Growth may also 
be obtained either on blood agar or serum-glucose-agar with a piece of 
stenle rabbit's spleen The colonies grow slowly and are small, translucent, 
and slightly mucoid The thermal death point is bctuccn 05® C and CO® C 

According to Hesselbrock and Foshay the morphology of liact ttdartnse 
is more complex tlian that which has been generally o1>scrved , they describe 
filamentous forms and minute reproductive units in addition to the coccoid 
and bacilloid forms . they regard the process of budding as the mam repro- 
ductu e mechanism and consider that the organism has a relationship to tliat 
of bovine plcuro-pneumonia 

The infection, spoken of as tulara;mia. is t^ansml^«lb^e to man, and a 
considerable number of cases have now been recorded in North America and 
also in Norwaj, Russia, and Jajian The disease is charactcn«ed by an 
indolent primary lesion on the skm. with jicrsistcnt enlargement of the related 
lymph-glands, which tend to break down, as well as constitutional disturb- 
ance , but fever may be the only svmptom In fatal cases pneumonic 
jiatches are present m the lung in about 70 jxr cent The exudate is usuallv 
mononuclear and necrosis is common Similar focal lesions in the liver arc 
fmiiid in about half of the ra>.cs Certain of the cases ha\ e resulted from con- 
tact with infected aniiiiaE. eg through handling diseased rabbits and other 
rodentb Cases mav ari'C also from the bite of blood-sucking flics and tn ks, 
and strains of Dact tularensc have been isolated from ticks Water jmllutcd 
from infected ro<lctits mav also l>e a source of infection either through the 
alimcntarv tract or b\ the skin , thus the organism, as shown cxi>crimcntallv 
in animaK, mav pass through the intact skm Infection mav aLo occur hv 
the conjuiK tiva It is spciiallv remarkable how readilv lalioratnrv workers 
mav liccome infectc<i hv liamlhng infective material and artifui.il ailtiires, 
and tasc-^ of sucli hlxjratorv mfettion ha\e ocmrnsl Ixilh m .Vnierua anil m 
this toiintrv. Ic.iding to a somewhat i>rotnirtc<l |>cn<Kl of invalnh'in .\rti- 
lici.d uiltures ajijurenlU retain a remirkablv high degree of vnnilcnce and 
infectivitv Eilxiralorv aniin.i!' eg gumga-pig** <•« intrai>eriton<-;d inoiula- 
tinii can Iw infcctoil cxjx’ninentallv from cultures or infocleil hlornl etc . 
and at aiiliipsv the j’niicipd pathological changes are multiple nccrotir f<Ri 
in the spUvn, liver, and Ivinph mules The pathologual pn tiifr varus 
roiisidcrahlv m diflcretit organs and in different «j)rriis .\irorihng to 
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^ transmitted light and to its ^^eak' affinity' 

' • " stains. Before the demonstration ol the 

» ' \ spirocliartc the successful transmission of 

the infection to experimental animals by 
• .Vefc/iniA:off and Rous (190S-O5} pron'dd 
■ ' * ' -1 a means of systematic studj-^ of the &fase 

’ . X under controlled conditions. Xevertbeless 

* many problems still require c/ocidafion. 

^ ■ Micitoscoric ClMR,^CTEKs. Tr. pallidum 

' ■ ' * •- is .a minute organism of spiral shape, s}iow% 

* usually from six to fourteen cun’cs, though 

longer /or/n.s are met yvitb ; the curves are ^ 
small (each measuring approximately I // in 

'Sh!;;,^cteK,fS,;At£ *p"' 

ranuimn I’s sMm --i/Kio •'md Tcgiihr (Bigs. J3L 155). Jt measures 
6 to U n in length. \»hiJe it is extremely 
thin, Its thickness being only 0*25 /< In a fresh specimen, say, in e.xudate 
from a chancre, the organism shous acth'c movements, which arc of 
three kinds — rotation about the long axis, gliding movements to ana 
fro. and movements of flexion of the whole body: there is little actual 
focomotton, and a spirocfix*(c will often remain in the same Seld for a 
long time, although the organisms as seen in the testicular lesion ot 
expcrimcnialU infected rabbits may show active movements of pro- 
gression .Movements may cease in a few hours; on the other * 
sealed capillary tubes or wet preparations kept at room tempera 
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motility may persist for several weeks (see Lumsden;. 

straight terminal filament considered by some not r 

although appearances obtained wth the electron micro- j isjj 


prefeil as lateral tiagella Jn n-esnspedn.™!, ,^tta me “ 
the regularity of the spirals is trell mamtained, s,a„cd by as)’ 

sometimes distortion or draiving out of a spiral. » of a 
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tint : also it is thinner than when stained by 
occurs at right angles to the long axis 
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Variations in morphology. Nt^chi, on stud>ing different strains of the 
Tr. pallidum in cultures, found that they varied in thickness, and he dis- 
tinguished thick, thin, and intermediate types He found that they differed 
also in their pathogenic action, the thick forms on injection into the testicle 
of a rabbit causing nodular lesions of cartila^nous hardness, while the thin 
forms produced a diffuse indurative lesion ; the difficulty of obtaining 


have postulated a cycle of development of Tr pallidum in order to e\plam 
the high infcctivity of tissues in which no spirocha:tes can be detected on 
microscopic examination, eg the lymph glands of inoculated rabbits after 
the infection has become latent They conclude also that a similar cycle 
occurs on experimental inoculation of the central nervous system i\ith 
Tr. pallidum. One stage m the cycle is 
believed to be ultramicroscopic. Wffule 
these views would explain certain diffi- 
culties in connection with the jiathology 
of ncurosyphihs, there is no definite 
evidence supporting them {vide tnfra). 

Distribution of Tr pallidum in the 
tissues. In the pnmary sore in the stage 
of active ulceration, the organism has 
been found in a very large majority of 
cases ; but the number of spiroch.-etes 
decreases as healing sets in It can be 
demonstrated in the lymphatic glands 
related to the site of the chancre. It has 
also been obtained regularly in the papular 
and roscolar eruptions, in condylomata 
and mucous patches — in fact, one may 
say generally, in all the secondary lesions 
Also, during life in sccondarj' syphilis on a few occasions it has been 
detected in the blood and it has been demonstrated m the spleen In 
the congenital form of the disease the organism may be present m large 
numbers sndely distributed, as was first shown by Buschke and Fischer, 
and by Levaditi In the pemphigoid biill,-c. in the blood, m the internal 
organs — the liver, suprarcnals, lungs, spleen, and e\cn in the heart — its 
detection may ' * ' ’ic large numbers present 

(Fig 137) In le spirocha;tcs are chiefly 

extra-vascular ' , the mtenor of the more 

highly si>ccialiscd cells, for example, Inercelb Tlicy also abound sometimes 
on mucous surfaces, e.g of the bladder and intestine in cases of congenital 
syphilis The enormous numbers of this organism which may’ be present m a 
wcll-proscrx'ed condition in maccratcil foetuses render it prob.ible that the 
organism may multiply in the dead tissues under anaerobic conditions It is 


' i-' 
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hic 13< Section of I)\ or from a use 
of congenital syphilis, thowmg 
numerous examples of Trff'onrma 
f-4llidum Levaditi's method 

xl.ooo 


in accordance wath this \ icw . as they gave nrqatii c results More prolongeil 
‘earth has .sliown. linwcser. that the oiganism may occur in tertiary lesions 
aKo It has l>cen found in the peripheral j»arts of gummata, esfiecnllv at an 
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early stage of their formation ; ami it has been demonstrated in sj-philitic 
disease of arteries, sometimes occurring in considerable numbers in the 
tiiickencd patches in the aorta (Reuter, Schmorl ; Wright et al). That the 
spirocluete may persist in the bwly for a very long time after infection, has 
been abundantly shown by different olnervcrs ; in one case, for example, its 
presence was demonstrated sixteen years after the primary lesion. Noguchi 
and Moore discovered tlie spirochajte in the brain in general paralysis of the 
insane in a proportion of eases. The organism was seen m ail the layers of 
the cerebral cortex, with the exception of the outermost, and the cases in 
which it was found had run a relatively rapid course , It occurs in scattered 
clumps which may be very hard to find (Fig. 138). 

Cultivation*. Although Miihlcns and Hoffmann had previously obtained 
pure cultures of an organism morphologically identical with the Tr. palltdum, 
Noguchi lias worked most extensively on the subject and his results will be 
stated, althougli in certain resi>ccts they differ from those of the others 



fjc. Section of 
paralysw *hojvins a chunp ol m- 
fonnua {•alhJum JalineU 


In the first instance cultures were made from 
syphilihe lesions m the rabbit, but later directly 
from the lesions of the human disease The 
culture medium «.i« a nii'tture of two parts M 
2 per cent, aijar and one part of ascitic or 
hydrocele fluid, to which a small portion of 
sterile raWiU's kidney or other organ was aaara. 
the nit'dium being placed in deep ^bes and 
wercil with a thick layer of paraffin oil or 
vaKlino lliroush «hich Ills inoculation «Ji 
made (The object ol the oily “'"'j"® ” 
maintain anaerobio.is, but '• 

.enled loss nl (rases from the 

tammalmi! bacteria nhieh nere Fc«”' 

a thick ((Tonth alon.~ the line d 

sshiUl the spitocha-tcs pe^ “B?mafan'mti- 

mio the sorroondinR medium 

uiltnies Item parts ‘''J, ^ nnrreon- 

smsslh thn organism nas obtained in pure = 


the Tr palltdum and .til its charactenstics mch test-tube to 

(unheatcdl ascitic lluid^sufficent the whole then _W 


papules developed .and , 

Other wor 
cultures 
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the ciisedse iiub ucen transmitiea oy matcnai irom an the Kinas oi syphilitic 
lesions in which spirochetes have been demonstrated, including tertiary 
lesions and the blood in secondary s>'philis Inoculation is usually made by 
scanfication on the eyebrows or genitalia , but other parts of the skin are 
also susceptible m the higher apes The subcutaneous and other methods of 
inoculation, with the exception of intratesticular and intravenous, give nega- 
tive results The primary lesion js m the form of one or more indurated 
papules, in every respect resembling the human lesion Along with this there 
are marked enlargement and induration of the corresponding lymphatic 
glands The primary lesion appears on an average about thirty days after 
inoculation, and secondary symptoms develop in rather more than half of 
the cases after a further period of somewhat longer duration. These are of 
the nature of squamous papules on the skin, mucous patches in the mouth, 
and sometimes palmar psonasis As a rule, the secondary manifestations are 
of a relatively mild degree, and in no instance has any tertiary lesion been 
observed, though this may be due to the animals not having li\ed long 
enough By inoculation from the lesions the disease may be transferred to 
other animals The infection may also be produced m Macacus and other 
lower monkeys, but these animals are less susceptible, and, moreover, the 
inoculation to be successful must be made at the special sites mentioned above, 
secondary manifestations do not appear. The severity of the affection 
amongst apes would in fact seem to be in proportion to the nearness of the 
relationship of the animal to the human subject. Tlic blood of the infected 
animals comes to give a positive Wassermann reaction This may be the case 
even where no primary or other lesion develops, as has l>cen obsersed in 
Macacus rhesus monkeys inoculated cither on the eyebrows or mtra- 
testicularly, with strains from the infection in rabbits or with fresh human 
syphilitic material (Schlossbcrgcr and SclimiU) 

Uanscll, and aftenvards Bcrtarclli. were successful in inoculating the eye 
of the rabbit from syphilitic lesions. The material used is introduced in a 
finely divided state cither into the tissue of the cornea or into the anterior 
chamber, and syphilitic keratitis or mtis, or both, may result, there l>eing a 
period of incubation of at least two weeks Levaditi and Yamanouchi 
studied the stages in detail, and found that the spirocli.-ctcs remain in the in- 


not due to the organism passing through some cycle of development, but 
simplv to Its rcquinng certain conditions for imiltiplying which are not 
supplied for some time 1 he testis of this animal is also a convenient site of 
inocubtion, a syphilitic orchitis being sot up . and m the exudite spirochatos 
occur in great luimlicrs By this method the disease has Ixrcn passed through 
long senes of animals Intra-tcsticillar inoculation leads to general inv.-ision 
of the l>otlv. and. as Brown and Pearce have shown, metastatic lesions ivcur. 
the development of winch is favoured bv certain arrnnistanccs. such as 
excision of the pnmary lesion Spontaneous healing tends to take plaro 
after the infection has passed through a senes of relajises, Init cv en w ben all 
signs of the disease have disapj^arcd virulent spiroch.itcs arc still present in 
the l>od\ . rs|>eci.all) m the lymph glands Thus a strain of Tr p,iUi,ium 
which IS infective for the rabbit ran lie maintained indefinitely bv inoctihting 
from time to time froh animals intra-lolicularlv vviih a suspcnsi-jn of 
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ground-up popliteal lymph glands from one in -which the infection has 
become latent spontaneously. m/eccion nas 

, intra-testicular method has proved of great value in testincthe 
n ectivity of suspected material, and by this meins it has been sho™ tS? 
spirochietes from gummata are not attenuated in virulence Infection has 
been transmitted to the rabbit by inocuhtioa Kith the brain tissue of general 
paralytics ; but as a rule only negative restilts have been obtained in such 
experiments. According to Levadifi and Marie there are ' dermotropic ' and 
neurotropic ’ strains of Tr. pallidum, which differ in their pathogenic prop- 
erti^ ; these observations are suggestive as possibly throwng light on the 
variations in the effects in the human subject, but they' have not been 
confirmed. The spirochates even in early human syphilitic products often 
show little virulence for the rabbit. Sometimes, where the pnmarv inocula- 
tion has not led to a lesion, increase in virulence of the spirochates for the 
rabbit has been attained by inoculating a second animal some weeks later 
with material from the popliteal lymph gland of the first. After several such 
passages a lesion containing spirochaetes has developed in the inoculated 
testis. But only a few strains seem capable of propagation indefinitely in 
rabbits, e.g. those^f Nichols. Truffi, and several others, As well as the 
infectivity, the character of the lesions produced tends to vary with the 
strain. Uhlenhuth and Mulzer produced generalised syphilitic lesions in 
young rabbits by intra-cardiac inoculation with syphilitic material They 
found also that the organism can pass through the placenta of the rabbit and 
infect the fcetus. Further, the spirochstes are able to penetrate normal 
mucous membranes in the rabbit ; but frequently no primary lesion develops, 
also the course of the resulting infection is mild (Brown and Pearce) Ac- 
cording to Chesney and Kemp, a pre-existing lesion of the skin, such as ^ 
old granulating wound, affords in rabbits a very favourable site for the 
development of a primary chancre 

In the mouse Tr. pallidum, produces no obvious effects ; but if a small 
piece of rabbit's testis rich in spirochaetes be implanted under the skin of a 
mouse the organisms invade and proliferate m the tissues, which, inclumng 
the brain, are found still to be capable of infecting rabbits many months la er. 

The presence ot the organism in the blood about a week before the ^PP 
ance of the primary sore, has been demonstrated in the case of a donor w 
blood used for a transfusion produced the disease (McCluskie) 

Biological properties of Tr. pallidum as den'onsirated by 
fransmisstbrt. The experimental production of Jie disease ha? 
with some further facts regarding the nature of the , throuch 

shown repeatedly that the passage of fluid contauung . , EUom, 

bacterial filters deprives it completely of its m'cctivuty Hin 

by means of graded filters of collodion membr.ne, have foun 

halUdum will oass through a filter which reta-ns B. prodtg > 


pallidum will pass through a filter which 

it IS held back when the porosity is ttiaii JIJj^Tasc's^iflcantly 
dence was obtained of the existence of a special fiJtera p destroyed by 
Dirochate ft is also readily destroy ; 


smaller than the diameter of the spirochete ft is also rea y ^efljjfinated 
■ heat, a temperature ot 51° C. being fatal On the otter ,[,el 

blood containing Tr. pallidum has been found s rabbit plasma to 

keeping for forty-eight hours at room-temperature, infective 

which spirochtetes virulent for the rabbit remains alive and 

after keeping at 6° C. for six days (Selbie). «™i„.„„b!ned 

virulent after freezing at —78° C. for at least one > , (joes not 

with desiccation kills it in about a day ; 
preserve vitality for two months (Turner, 193oj- 
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Immunity Phenomena. It has long been accepted that a person suffering 
from syphilitic disease generally does not develop fresh lesions on reinocula- 
tion of the skin, and this was shown by experimental methods to hold in the 
artificially produced disease in the ape. Such immunity, in the absence of 
sterilising treatment wth anti-S5iphilitic drugs, was found to be associated 
with persistence of the original infection. But when, as the result of anti- 
syphilitic treatment, the experimental infection in monke5’s was sterilised, 
susceptibility to reinoculation soon developed. Similarly a considerable 
number of cases in the human subject have been observed where, after treat- 
ment uith salvarsan, a second attack of the disease has been contracted, the 
inference being that the first attack had been completely cured. Work on 
rabbits, however, has indicated that this view may require modification. It 
has been shown that after intra-testicular inoculation treatment short of 
effecting complete sterilisation of the infection may restore susceptibility to 
reinoculation, or ' superinfection ' as it is termed, provided that the treatment 
is begun )vhen the infection is recent But when the infection has lasted for a 
considerable time — at least forty-five to ninety days in the rabbit — then even 
if It IS sterilised by treatment, reinoculation in the ordinary way does not 
lead to the development of a fresh primary lesion , nevertheless the spiro- 
ch$tes may in a proportion of such animals invade the tissues, which 
consequently become infective again for fresh animals The cornea, however, 
IS c.xccptional, since it does not share in the resistant state to the same extent 
as the skin (Chesney et at.). Such immunity in tlie rabbit has been found to 
bo more pronounced when the original infection and the reinoculation are 
made with the same strain than when different strains are used on the two 
occasions. 

Spirochxticidal propiertics have not been demonstrated m the scrum of 
tlie immune animals by most observers ; and (he same is (rue of other anti- 
bodies Accordingly it has been concluded that here tlierc is a form of tissue 
immunity which in the early stages dejiends on the persistence of the infec- 
tion, but which when treatment is begun late remains effective even although 
the infection has been sterilised More recently. Turner (1939) has succeeded 
m obtaining evidence of antibodies by injecting intracutancously in rabbits 
an incubated mixture of scrum of a chromcally infected animal along with 
a suitable sm.ill dose of virulent spirochaites The result was cither that no 
lesions developed or else smaller lesions than after similar mixtures m which 
the scrum was derived from a normal rabbit. Heating the immune sc-nim 
at (. diminished its protective action Spirochrctcs obtained dirc'ctly 
from the tissues of infected rabbits are not agglutinated in vitro by syphilitic 
scrum . but after treatment with a weak concentration of antifonnm for 
a short time they liccomc sjiecifically .igghitinablc (Tam). 

It h.is alrc.n<l\ been noted that the sccond.ir>' stage of sjphihs is char- 
aacri'cd bv abundant ihffusc lesions containing numerous spinKh.T:tcs. 
wliuh he.il with the formation of little connective tissue On the other 
hand, the tcrtiarv k-Mons. which tend to lie sparser, arc of larger si/c but 
contain fewer spirocliartes. and on bealtng much more connective lis-.iic i*. 
formed These differences have been cxphined on tlie Uasis of allergy 
develof'ing along with immunity as the duration of the infection mcrc.iscs 

With reg.nrd to the .artiricM! jirodiirtion of immunity, verv hltlc of a 
s.-iti>.{ai torv nature has f.ir liecn c-tablishcvl It h.ns liern found tli.it the 
organism .ifter jvis«gc through a Macacus monkey j'ro<liice}. .a les-. severe 
ch-ease in ihe chimivmrec thin when derived directly from the hum.iti sub- 
ject. ma-miich .-»« seconihvrv lesions do not follow , the organi‘m vrotiM thus 
a}'pe.ir to h.ivc undergone a certain amount of attenuation tii the tb*!:*^ of 
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tlmt monkey. But accidental infection of the human subject has occurred 
^vith spiroch.Ttes which had been repeatedly passed through rabbits during a 
period of over a year and a half. ■ ' 

Lvetin. Noguchi prepared an extract /rom pure cultures of the Tr pallidum, nhich 
he called luelin, and he found that this gave a characteristic cutaneous reaction m 
sj'philitics, which is analogous to the tuberculin reaction in tuberculosis. Although the 
reaction may be of value for detecting latent syphilitic infection, it appears that it is not 
specific m the etiological sense In positively reacting subjects other substances, eg. 
agar or Killed cultures of bacteria, may produce a similar reaction Again, non-syphilitic 
individuals come to react positively as a result of the administration of iodides (Shemck) 


Serum Diagnosis— Wassermann Reaction and Flocculation Reaction. 
Wassermann, Neisscr and Brock, proceeding in accordance with the /acts 
established with regard to the fixation of complement, tested whether a 
similar phenomenon might not be obtained in the case of syphilis. They 
mixed togetlier a watery extract of congenital syphilitic liver rich in spiro- 
cluetcs (antigen), and serum from a syphilitic case (supposed to contain 
antibodies), and found that a relatively Urge amount of complement was 
fixed. On the other hand, when the scrum from a non-syphilitic case was 
substituted for the syphilitic serum, little or no fixation of complement 
occurred. The result was thus in accordance with expectations on theoretical 
grounds. Jlarie and Levaditi, however, found that an extract of a noTOal 
infant’s liver along with syphilitic serum fixed complement, 

'antigen' Subsequent observations (Porges and Meier et ch) showed 
that alcoholic extracts of normal as well as syphilitic tissues w® 
efficient, and that the property resides mainly in the fraction of the extwet 
winch is soluble in alcohol and ether but insoluble in acetone hm) ine 
addition of cholesterol to leathm enhances greatly its 
Crmckshank and Mackenzie). Although abundant observations ha« 

Hshed the validity of the test as a means of rrenw of 

to Its discovery is no longer sufficient to e.xplain it. The _ 

precipitation or flocculation when syphilitic serum ^ defined in 
Ir otLr colloids was also noted ; and the conditions have been defined 


which this reaction constitutes a reliable ,te Appen- 


The method of applying the Wassermann test is aesenneo ^ 
dix : here we have to consider tlie results »'“'^?PP'!?l?a,-“H“a"t90per 


: here we have to consider me rtsuiis ui its . . , , gg per 

over-estimate to say that a positive «™lt may be ^ fnfetion. The reaction 
cent, of cases where there is evidence of the 

usually appears first on the tenth to thirtieth > of 

- — and then gtadually bKomes more raarkrf^^^^^^ 


sore, anu wen eiaouany oe......... in the tern* j 

secondar,. ’t . Z little less freqne"‘ , 


stage with active manifestations a positive r^ult is a m sitive 

v.«n.T«Tt;fnl cvnhilic Avith active lesions tne prup^/. 


cases of congenital syphilis with active d.^ 

.,.,..1,. acin the secondary Stage 


disease It may only have become latent appeec 

active the reaction may reappear in fact P . (j„„. Accordmgl}. *" 
definitely related to the activity of the syp i .^ctive generalised lesio 
reSn is likely to be positive when ftlcallv Mways presen m 

As regards neurosyphilis, a positive reaction ,, 

general paralysis and in the large ' the blood t 

qnently given by the “tebro^pmal told « pa.d may « 

Hionces in certain cases of neurosyphilis m 
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positively when the blood serum is negative. As to the occiirreijcc of jiositn c 
reactions in other diseases, this has been recorded in yaws, pinta, and bejel, 
also in leprosy, sleeping-sickness, and occasionally in malana during tlie 
febrile periods. Apart from these diseases ' false positive ' reactions are 
seldom met with, although \'accination and various febrile conditions, fsjxjci- 
ally respiratory infections and infective mononucleosis and also the injection 
of foreign serum, tend to cause temporarily positive reactions, usually weak. 
(For further information on fallacies of the serological reactions for syphilis 
the critical reviews of Harrison and Osmond should be consulted ) At present 
little can bo said in explanation of the Wassermann reaction It seems to 
depend on the interaction of hpoidal substances in the extract with proteins 
m the serum, which arc apparently contained in the globulin fraction ft is 
now accepted that it docs not depend on the presence of an immunc-bodv 
winch in association with the causal agent (the spirochrete) fixes complement 
However, there is considerable evndencc that the reacting power of the serum 
is due to an antibody for certain lipoids (see Dunlop and Sugden . Mackic 
et al)] and it may be that tbc same antigenic constituents are present in 
the spirochietes and the tissues {vide tnfra). Bui in that case we do not know 
why an antibody should be formed to components of the patients' own 
tissues 

The various forms of flocculation reactions (Sachs and Gcorgi , Mcinickc , 

' Sigma ‘ of Drcyer and Ward , Kahn , ‘ Citochol ' ; etc.) give results which 
are comparable with those of the Wassetmann test — the methods of with 
tests arc described in the Appendix A small proportion of sera from ca«o*» 
with a history of syphilis react positively in the flocculation test but 
nogalivety in the Was-sermann reaction, while occasionalK the converse 
(xcurs , discrepancies occur especially in cases undergoing anti-sypliilitic 
treatment Thus, neitlicr the Wassermann test nor the flocculation test 
alone will detect all syphilitic sera . but when a senes of sera is examined 
both yield practically the same number of positive results Tlie most com- 
plete information is obtained when the two test.s are used m conjunrtion. 
the one serving as a confirmation of the other, especially when a weaUv 
positive result occurs No single one of those tests can be relied on to 
exclude sj'pliilis on tlic basis of a negative result. Although the technujiic 
of the V anous flocculation methods is relatively simple, accurate preliminary 
standardising of the ' antigen ' is essential and expenence m reading tlie 
results IS required 

Bacteriological Diagnosis. DemunstraUon of tlie chiraticri'tw xjnrt)- 
ch.vtcs bv microsfo/Sic fxamfnalion is iicces-,arv wliere an uiccratcil Ir'mn of 
liie skin or a mucous nicnibraiicissusjiettesl tobc a pnmirv 'oro Itmiv al-o 
t)c uscil in the case of an enlarged Ij mplutic gland, e g tli.it dr.imiiu: the -ite 
of .1 >uspcctcd di.incre which has hcalcil. or for secondarv lesions In tlie 
c.i-c of tissues, r g m iongcnit.il svpluhs. an emiifsinn m s.dine lUav Iv 
i-v.imined i>imilarly NN herevet there iscuntammalion with vurfaie relions 
olher tniioncmata nnv lx* present, some of wlnih arc ahno't indi'-tm^ni'h- 
atih- from Tr pnHiJum or differ chieflv in their greater m/c (tifr ni^ra) 

\< . ordmKl>. It iscsv.ntial always to workat the same mncnifu-.Ui'in ruiltier 
II ina> Ixi s,ii(\ lint in the microscopic diagiiosiv <if the orginism of sspluh-. 
jU'l as vn the r.w of the tiilx rtic lurillus .an all-iin|s'rt.mt p'unt is th'* ■^uiri >• 
ol the org vni'in l.\c« ptinu llic r.i*a of saws wliuh do«-> not oecur in this 
1 »iunir\ an orginism wnti the « haru tits ilevvntxnl al»ne i.an !«■ ideniil.r<l 
willnrrtamtv asthe 7r pnwnletl th tt tlw mijw r(;n ilnre mi'Uis -ire 

n inovid and the i \ndit> is obt.«ne«l fr<fii the tree of th*- tissu- l>-si'>n 
The l>e-.i mnho>l ol rs.-iinuntion is l>\ tlitk-CTiiund ilUmnn iiion ‘ti.rr m 
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stained films the apparent thickness of the spifochiete depends on the 
intensity of staining and this may introduce a difficulty in distinmishine 
It from other similar organisms. ^ ^ 


In the examination of txudaie/rom an ulcerated chancre or other lesion it is advisable 
nrstto get nd o( the sutlace orgamsms. The surface should be cleansed with saline and 
dried A piece of cotton wool soakedm absolutealcohol or spirit is then applied foraboat 
a minute , the alcohol is then washed off vvith saline, and the surface is agam dned 
After a short time there is usually a free flow of watery sefum, w hich is practically free 


scarify the margin of the sore and examine the fymph which exudes, the flow ot wtucii 
may be aided by Sfjueeaing, or a small incision may be made with a very sharp Inife, and 
then after bleeding has completely stopped the small drop of serum is taken which gathers 
at the site In all cases admixture of blood is to be avoided, a$ it interferes with the 
examination by the dark-ground method ft is important that neither Jocal antiseptic 
applications nor any form of antisy'philitic treatment should be given before the evam- 
ination is made In the case of a lymphatic gland or non-ulceratei lesion, it is b«t to 
puncture with a hypodermic needle, the point of which should be moved about in the 
tissue After it is withdrawn a little saline may be placed in the sjTinge and pressed 
through the needle, the first small drop which passes, and which washes oat the tw.ttots, 
being taken for examination ; here also dark-ground illumsnaUon gii es the best results 
Au emulsion o[ Ussue ih saline may also be examined by dark-ground iJluminatwn , 
Tissues are fixed in «> per cent /ormalin and treated by Levaditi’s or jahtirismet™^ 
Dnedphns may be made and stained by various methods , Becker's is recommended 

The inferences to be dratm from serological exam/nafions have befn 
discussed above. 


TREPONEMA PERTENUE 

Fraraboesia or yatvs is a disease of the tropics, occurring in the west 
of Africa, CeyJon, the West Indies, and other parts. It is charactense 

a distinctive cutaneous eruption, ana 
If IS markedly contagious. Hs ^sejn- 
btance in n7any respects to siflnte”’ 
been noted, and the rclaPon oi the 
two diseases has been the snbje 

organism 



SStothW rr,rr/«»,a - 
discovered by Castellam in the lesion- 
of fcambeesia (Fig- ® fr/w/f. 

the name SpintM'a 
dnla {Treponma P ,Un 

In the skin lesions it has 
by Levadili’s method He 

"" ^ considerable numbers, Iciico- 

Fio. 13‘'. Treponema pettenut. Film p»^ #»nidermis and mere 

parat/on from sAin Ifston in yaws, staiii«i . _ ^ 

by Becker’s method x 1,000 ^ 

seen in the case of syphilis. When 

chstes of other types may be present as «atami } ;^ j not oc^n 

fitted by contact, but not venereally c»ge«tnl ,,,, Vecn 

Insects may also be tlie vectors sometimes, sme 
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found to survive for some hours in the anterior part of the alimentary tract 
of certain flies. Patients suffering from frambcesia generally give a positiv e 
Wassermann reaction ; the lesions are also very amenable to treatment 
with salvarsan (Alston and others) 

Castellani found that the disease could be transferred to monkets 
{Semtiopithecus and Macacus being used for this purpose), and that the 
organism could be demonstrated in the unbroken skm lesions. The lesions 
are as a rule confined to the site of inoculation, but the infection is general, 
as is shown by the presence of spirochsetes in the l}miphatic glands and.the 

— *1.- • u-*.- *• 

ffer from Tr . ' 

Tr pcrienue 

in the lesions, and the inoculation of apes have been confirmed by other 
workers, and the etiological relationship of the organism to the disease may 
now be regarded as established. Nichols has sliow’n that a frambcesia lesion 
can be produced in the testicle of the rabbit of similar character to the 
syphilitic lesion, though the period of incubation is shorter He found that 
the best means of distinguishing tlie two infections was afforded by inocula- 
ting the skin of the monkev 1 n the case of syphilis the resulting lesion is flat , 
dry, and very scaly , in the case of frambcesia it is elevated, slightly scaly, 
and very cedematous , and also the period of incubation is shorter in the 
case of frambcesia Pearce and Brown observed on intra-testicular inoculation 
with Tr pertenue in the rabbit a granular or finel> nodular peri-orchitis— a 
tjpe of lesion quite different from that observed in the case of Tr pallidum 
Similarly, Turner and Chesney working vvith a number of strains of Tr per^ 
Unue isolated from cases in Haiti, found that in rabbits the cliaracteriatic 
initial testicular lesion consisted of scattered miliary granules in the sub- 
stance of the organ, the tunica, or the epididymi-. The great enlargement or 
marked induration, so common after inoculation witli Tr palhdum, did not 
occur On mtracutancous inoculation, again, a siijicrfitial lesion without 
induration resulted, in contrast to the raised indurated button-likc chancre 
due to Tr pallidum It is noteworthj that a strain of the syphilitic spiro- 
cliale Holatcd in Haiti at the same time as the frambtrsia strains, showed the 
behaviour m rabbits which is rharactcristir of other strains of Tr palUdum . 
this, however, docs not affect the fact that different strains of Tr pallidum 
mav Vary as to the character of the lesions which they produce Further, m 
framba-^ia in rabbits there is not the tendency to development of generalised 
lesions which is charnctenstu of svphilis .\ccordnig to Feins and Turner, 
however, there is no rcluiblc means of distinguishing the lesions of yaws and 
svpbilis histologicallv 

Tlie mimunitv reactions in inonkcvs and rabbits infected with svjiliilis 
and frambcesia (jaws) liave Ix-en espcnmentallv studied with contradictory 
results According to the thorough investigations of Schobl and Mi\-ao 
monkevs which had recovered from \aws and were immune to riim>cu!ation 
with Ir pertenue developed onlv very slight Ic-sions on incKulalion watli a 
strain of / T pallidum which was virulent for the rabbit and for normal mcm- 
kev' 1 iirtlier. the syphilis spircHhales were not able to pcrsi-t in the tissues 
of monkevs immune to framlxrsta as was shown bj the non-infcctivu\ 
of tlie Ivmph glands of the Litter lor rabbits Schdbl Ins also revordr-d ol>- 
M-rvanons regarding tlie influence eMrled by ine»culati'>n with 7 r pallidum 
on a pn-cMstiiig latent mfeetinn with Tr pertenue in monkej-s .\nmu!' 
whu h h.ul Ixs n injected with killed Tr peF/r«Ke developed no heal Wion e»n 
rejKMitd inoculation of the skin with tliese organisms m the living stale. 
Uiter afti r an in'xiibtion with ivphilis spirochelra no lesj..n d-vth>j>eil at 
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tw'il';'’'”' in the absence of owgen It seems 

that after a number of passages cultures lend to die out. 

ATiOtVltT — - 
cent HartJe 
also IS cover- 


. I 

• is important) 

» 1 incubation at 

day tbe fluid 

J “'““^WK'Kt^i’dtoWperftefilunderthehishpowerofthe 

microscope, tlicse bein^ actively' moUlc nitji many dividing forms (The addition oi 
.ito itJdtQpsQ; lOpor cent Rlncose solution to a tube of medium seemed to improve it) 
v paramn sea? did not improve cultures Subcultures were readily got by addivg 3 or 
4 drops of a culture containing numerous spirochates and at the same time 3 or 4 drops 
oicitratcd or Jrcsbly drawn rabbit's blood to a tube of medium Twelve successive 
subcultures at intervals of two to four days led to no loss of vitality of the spirochetes 

Inoculation of the chorio-allantoic membrane of developin^hens' eggs wlh 
the spirochaite leads to massive infection of the blood of the embryo chick. 
iV strain of Bor tfnfftmt' retained its infectinty for mice after seventeen serial 
passages in eggs fOag). 

Relations to the Disease. Before the rise of temperature there is a period 
of incubation varying from two to twelve days or longer after inoculation. 
The organisms begin to appear in the blood shortly before the onset of the 
pyre.vla. and during the rise of temperature rapidly increase m number. 
The)' are sornctirncs very abundant during the fever, a large number being 
often present in every field under the high power of the microscope. Itisome 
cases, however, they may be less numerous and even difficult to find by micro- 
scopic examination ; tliis is especially true of African relapsing fever. They 
begin to disappear sliortly before the crisis ; during the afebrile iijtervalt^y 
commonly cannot be found in the circulating blood on microscopic examiw* 
tion.but the blood is, as a rule, still infective. A similar relation between the 
presence of the organisms in the blood and the fever is found in the relapses , 
but here the orgamsma tend to be less numerous than in the first attack. 
The spirochrete may be present m the cerebro-spinal fluid wth or wthou 
evidence of the meninges being affected. Munch in 1876 p^uced the 
in the human subject by injecting Wood containing the spirochffites, an 
has been repeatedly confirmed Recently inoculation has been V 
.IS a therapeutic measure in general paralytics fcf p. 46^1 
tton has occurred through the apparently intact skin or j 

Carter in 1870 was the first to show that the disease could be readily p 

in monkeys, and these experiments were confirmed by Koc • 

taken from patients and containing the spirochetes ^ fneubarion 

ously into the monkeys. In tbe disease thns produced there is 

period which usually lasts about three days At the end o ♦empera- 

organisms rapidly appear in the blood, and s^'ortly days. 

tufe quickly rte The period of py-rexia us-iaUy lasts for t« 

andis fallowed by a marked crisis. As a rule there is no r P ^ 

ally one of short duration occurs. Cunnin).ham. „-n(;y^cicrctJrred 

Indian relapsing fever, found that in monV -'p a ^ . j„ 3 y easily be 

He points out that in animals relapses are olten {ofection. spiro- 

missed. MTiite mice fand often rats) are ^ */,.„ disappearing 

cbaites becoming numerous in the peripheral blood a passages 

after several days, often ivithout ilinras resulting- wfection has 

in these animals relapses may occur regularly ; but w 
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been recently derived from man there is often only a single attack with dis- 
appearance of the organisms by crisis In mice the infection tends to persist 
in a latent state in the brain Vanous other rodents are susceptible to 
•inoculation Cunningham in India has used squirrels ; these, after inocula- 
tion, develop a pnmary infection which is frequently followed by a single 
relapse, as in the human disease, a second relapse being rare When relapsing 
fever is contracted during pregnancy the foetus may become infected 

Immunity. Metchnikoff found that during the fever the fipiroch.-ctcs 
were practically never taken up by the leticocj'tes in the circulating blood, 
but that at the time of the crisis, on disappearing from the blood, they 
accumulated m the spleen and were ingested in large numbers by the macro- 
phages and polymorphonuclear leucocytes Within these they rapidlv 
underwent degeneration and disappeared. It is to be noted m this connection 
that enlargement of the spleen is a \cry marked feature m relaj^ing fever 


cha-te, it was necessary to inoculate anim&ls whose spleens had previously 
been rcmo%’ed This property of the spleen has been related to its large con- 
tent in cells belonging to the reticulo-endothelia! system. 

As in the case of so many other infections, however, an all-important 
factor in the destruction of the organisms is the dcsclopmcnt of antibodies 
m the blood Lamb showed in the case of the monkey {Macacus radialm) 
that the immunity following an attack of the disease was due to the presence 
of spirocharticidal bodies in the scrum. He found that i« vitro the scrum of 
an immune animal brought the movements of the spirocha-tes to an end, 
clumped them, and caused their disintegration . and further, that in one rase 
when the spirocluxtcs and the immune serum wore injected into a fresh 
monkey, no disease developed Novy and Knapp produced a 'hyjier- 
immunity ' in rats by rejieated injections of blood containing the spirochxtcs, 
and found that the scrum of such animals had a marked curative effect, and 
could cut short the disease m rats. mice, and monkeys It lias also been de- 


fixation reaction has Ixjcn got with scrum from cases of relapsing fever 
(Stem) This antigen showed a broad si>ccies specificity and not a restneted 
strain specificity in reacting with the scrum antilioUtes. limssin showed 
that with these organisms an immunity phenomenon can be dcmonstraleil 
similar to that wath trypanosomes • when antibo<lv-cuntaimng blood is 
added to the homologous sjnrocliates the latter l>ccomc coaled v\ith blixxl 
platelets, or if antiserum and a culture <d bactena, eg// coli, arc mixed 
vvatli the spirocliatcs the latter become coatcil watli the bacteria ~ tlic adhesion 
phenomenon It is Iwst seen by dark-ground examination 

The relapsing course which is characteristic of tlte human ihsense has Ixtai 
explained on the Insib of a transient immumtv developing diinng the tirst 
j>erit>«l of pvTCxia, some of the spirr»cha.tcs. however, m internal organs or m 
tissues c^c:lpl^g destruction hv the «crum nr bv phagocytes These organisms 
arc then able to multijilv and rrapiH*.ar in the blood, ixissiblj m jvirt as a 
result of iiis.ipj>ear3nfe of (he immunity, but chiefly because a str.im h.as 
ilcvelopil which is resistant to the protective antdioihes resulting from the 
origiml attack (kcvailiti and Rochf) In the ca«c of Indiin rehj^smg fevrr. 
in which there is tisuallv onlv one rrla|»se. Cunninglnm rt al have shown that 
the strain of «}nn>ch.itc present in tlie rdaj>se is serol.>gira!ly distinct (as 
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pidgcci by agglutination reactions) Iron, that observed m the original attack 
and the same holds good for experimental infections. Further, experimentai 
infection "Ith one of thrae two serological types is followed by a rriapse due 
to the otlier the types prisent in the original attack and in the relaps? alto-' 
rating regularly. But where repeated relapses occur additional antigenic 
types appear or there may be reversion to an earlier type Also, antigenic 
variants may develop in the course of a single attack These observations 
indicate tnqt tfic antigenic character of the organism undergoes alteration by 
the influence of the defences of the body, and offers an explanation of the 
relapsing nature of the infection. The immunity reactions above described 
depend on a very delicate adjustment between the antibody and the parasite. 
Thus passage through a different host, as well as the influence of the latter at 
different stages of the infection, tend to modify the antigenic properties of 
the spirochmtes. Accordingly, these reactions have little value for the 
identification of different species. The immunity following an attack in 
man disappears within several years. 

Chicks almost immediately after hatching are,' like adult fowls, quite 
resistant to infection with Bor. duttoni, whereas the embryo chick is highly 
susceptible, as mentioned above. The difference does not appear to be 
o-xphcablc on the basis of properties of the whole blood or serum demonstrable 
in w/ro, since both arc spirochaiticidal when deri\'ed from the susceptible 
chick embryo (and similarly from the mouse), as well as from the refractory 
chick (Ong). 

Varieties of Relapsing Fever Spirochetes. As already stated, relapsing 
fever has been studied in different parts of the world and differences have 
been made out witli regard to clinical features, pathopnic effects in man and 
on experimental inoculation, arthropod vectors and immunity reactions. It 
has been emphasised by Briimot that points of special importance 
guishmg the different fori 
which is capable of acting 

mental animals to infection, especia}]y the guinea-p^. 
infection with louse-borne spirochxtes, but may be infected with soni o 
those which are tjek-bome. Apart from lick-borne fever, European, ’ 
and North African types have been distinguished, all of which are transim e 
by lice Ivtdo tnfra). ReJapshg fever in Asia is apparently a ynuch more s 
disease than m Europe : F. P. Mackie gave the mortality m Bombaj at tn 
high figure of 38 per cent. ; but differences in this respect, as ^ 

genic eflects, ^ay depend on ^ThfeSKt 

. well recognised. 

, .. ... . ■ frican tick-fe^’cr 

b ' I • . . bi(es Of 

and certain other spirochatoses were known lo liu ■ -j / x-ansmitted 
arthropods suggested that European and Asiatic relapsing fra„snii>- 

in this way. At first the bed-bug was believed to be t ^ 

sion, but attempts to transmit the disease by oolv one out 

generally unsuccessful ; F P. Mackie produced the , , which had 

of six monkeys used for this purpose, though Urge epidemic of 

bitten relapsing fever patients were used On invcs ig > on epi- 

the disease, however, he obtained a considerable amo 
demiological grounds that the disea^ .iaWkhed by the work of 

ru/us huiMiiiiS, van corporis). This has been , 3IanteuH «'ho 

NicoUe, Blaizot and Conseil, and by the per cent, of the 

was able to transmit infection from rat to rat jjy nieans of bugs, 

experiments, whereas he obtamed only negative 
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The mode of inoculation of the oq^nism from infected lice is bj’ its intro- 
duction into abrasions produced by scratching — the crushed insect pro- 
\iding the inoculum Infection may also occur through intact mucous 
membranes. The spirochaites can be obscr\’ed in the stomach of the louse 
for a day after infective blood has been ingested , after about six days 
they can be demonstrated in the body cavity, and then spread through- 
out the insect’s body and legs. It has been supposed that the organisms may 
be infective when in a non-spirochaetal stage (Sergent and Foley) Clear 
evidence is lacking that infected lice transmit the spirochJEte to their ova 
The spirochaste of Indian relapsing fever has been called Bor curfm, uhilc 
the designation lior. obermeiert may be retained for the European variety 
Sergent and Foley have described a type of relapsing fever in Algiers and 
have gi\ en the name Bor berbera to the organism concerned. A form of relap- 
sing fever similar to the European and Asiatic types and also transmitted by 
lice, occurs in West Africa. It has been concluded by some workers that there 


are probably several distinct species of these spirochaetes, as animals immun- 
ised against one are still susceptible to* 
infection with others and vice \ersa But 
the limited \alue of such observations has ' ‘ 

been indicated abo\e In general, there c - v 

IS no strong evidence that the louse trans* ■ \ 


mits more than one speaes of relapsing --v ^ \ 

fever spirochaito. f U I 

Tick Transmission. Spiroclmcs had I ‘ \ 

been seen in the blood of patients with I / 

tick-fevcr in Uganda by Greig and Nabarro V \ 

in 1903, and i<os.s and Milne in 1901 re- 
corded a scries ol observations which led ^ t* 


them to the conclusion that tick-fc\cr 


was due to a spirochivtc It is. however, 

chicny o«ins to the ticirk ci( Dutton and ' Timms ^tehaii'SI'uA.K, ™ 
Todd in the Congo Free State, on the one Juuom xi.ojo nromaprcpiu 
hand, and of Koch in German East Afnca, t M " ‘ 

on the other, that our knowledge of the 

etiology of the disease has Iwcn obt.aincd Thus the di^ca'ic long known by 
the name of Tick-Fcvcr as prevalent in Tropical Afnca ha.s liccn showm to Iw 
caused bv a spiroclixtc— /ler Jnltont {Ifor crocn/wra*) (Fig 114) 

The following arc tlie chief facts regarding this dl^ea^c CliniralU. tlic 
fo\cr closch resembles rckijKing fever, but the [tenotLs of fever are sonicwh.it 
shorter, rarelv kisting for more th.in two or three da^-s. and the rulaj>.es are 
more numerous The organisms tn the hlood are considcrabh fewer tlun m 
the case of European rclapMtig fc\cr, and sometimes thc% c.in nnl\ lie demon- 
strate<l after prolonged scan h or In inorulation of a susceptible aimna! with 
the p.itictil s bliKxl Hut ton and Toihlsliowesl that it wa^ I'ovsihlc to transmit 
the disea'c to cerl.iin iiionkc>s [Crreoptlhfct) h) means of tiiks whuh had 
liecn allowed to hitc |»alienls snHering from the disca*^, the sMiiptoms in 
these animals .apj>e.anng .ilxiut fi\cd.i>-s after inoculation Tlic disc.i^e thus 
pnHlureil is ch.iracicnsed bv several relij»ses and often le.nls to .a f.il.il 
result Til ks can lie infei teil at .am «tigc of development .is a result <>f biting 
iiifiTteil jH-rsons In one r-vsc the diM'aM* was |»T(>diiie<l b\ nirans of voting 
ticks Intcliesl from the eggs of ticks wlmh had l»otn allow cs| to sui k tli'* blf><«) 
of infected pitients . heiuc it was coiKludetl th.at the spirtvh.tti's wire not 
sunph t.arncil nic» hamc-ilK In the tiiks. but prolwbU umh rwi nl v.rnc i\« lo 
Ilf ilcvrlnj'mcnl in the tissui-s of the latter Ix-J'hm.in also shownl tint the 
ii 
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ticks of tlic second generation may be infectious. The species of lick con- 
cerned are chiefly Ormih^orm mouhaia, also 0. rang;, y,' and sometimes 0 
erraUem. Roch found that after the ticks had been allmved to suck Hood 
containing the organisms, tliose could be found for a day or two in the ali 

mentary tract of the tick ; thei ' • ' ' uen 

of tlie gut. At this stage t}ic 5 ' . 

the ca'Iomic fluid. Tfjcnc^ t ^ the 

salivary glands and the ovaries. At the latter site they were detect^ by 
Koch in iarge numbers, sometimes forming felted masses. He also traced 
tlie presence of the spirochetes in the eggs laid by the infected ticks, and in 
the young embryos hatched from them. On the other hand, Leishman failed 
to find evidence of spirodi.-etes citherin the tissues of ticks later than ten days 
after ingestion of infected blood, or in the ova laid by the ticks, or in the young 
ticks when hatched, though these were proved by' e.vperiment to be infectue. 
After ingestion of the blood by the ticks, he found that morphological changes 
occur in the spirocfuctcs, resiifting in the formation of minute 'chromatin 
granules ' which are extruded and traverse the walls of the intestine and are 
taken up by the cells of the Malpighian tubules ; they- also penetrate the 
ovaries and may’ be found in large numbers within the ova. Similar granules 
arc to be seen in the Malpighian tubules of the embryo ticks, where they are 
also found in the suhsequont stages of their life. He recorded that infection 
of animals might be produced b>’ inoculation with crushed material conUin- 
ing the granules but no spirochietes. Accordingly he considered that the 
granules in question represent a phase in the life-history of the parasite, and 
that infection occurs by inoculation of the skin with the chromatin granules 
voided in the coxal secretion and not by unaltered spirochaetes from the 
salivary glands A similar view was taken by Hindle, who found that nnen 
m/ected ticks in which the spirodwtes had disappeared, were wanned to a 
temperature of 35« C , the spirochetes reappeared in the organs and ccelonuc 
fluid These ‘mctacychc ' forms differ from those in the blood w 
thinner, shorter, more irregular, and less deeply staining. Others, 
holil tliat there is no such cycle (see Bone). The coxal secretion, sa na, 
fa'ces are the sources of infection . 

According to Koch's observations along the main 
German East AInca. J J per cent of the ticks contained spirocliietes. ann 
some localities almost half were infected. 
lines of commerce he still found them, though in smaller nutn er. 
been demonstrated that m some places the ticks are mfecte ' . 
chectes although the inhabitants do not suffer fwm ■ jvg (jjsease. 

which is possibly due to their having acquired j- „„ 5 e that in- 

It IS important m connection with the transmission of 
fected ticks have convey'cd the spirochaite to monkeys on u i _ 
r nf five wars (Francis). 

Wehate 
there are 
lon 

n,oni.e>-s, ami 
jstant to Sf. 

it IS able to produce intection in tue guuu... t-o . gpgcific reJabo” 

obermeten. Experiments have indicated aJsi, that infection i* 

between each parasite and its invertebrate host , ^ ^ ^ .mmunitS'ceactJon 


not transmissible by ticks Differences ..n-e'bvBremianu uw.j- 

both in -vtvQ and ut vitro have been adduced staled akea J , 


lie Host , - ,^„TttK' reaciw"^ 

; brought out and others 

i^vtdence by bremi - .... 


that these spirochietes belong to distinct speaes. 
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however, the variability which a giwn strain of spirochretc ma\ exhibit 
renders the method of doubtful value 

Tick-bome relapsing fever also occurs in Spain, the United States, and 
Central and South America, Arabia, and Persia The^Spanish form, due to 
Bor. hUpamca, is a mild disease , it is transmitted by 0 erraiicus In the 
United States and Central America sporadic infections occur, it is of import- 
ance that in this region small rodents naturally harbour the spirocha-te and so 
may maint.ain the infection in the ticks which infest them. In the U.S A.. 
California and Texas are especially affected, the vectors being 0 iitricata, 
0. htrnm.tXi<\0.parkm ifor.prrsiVn (of the Persian disease) appears to be 
transmitted directly by the bile of 0 paptlhpes, since it docs not excrete 
coxal fluid or fa-ces \\ hile biting , and this is true of certain other ticks also 
It remains undecided how far the spirochetes found m different localities 
and transmitted by particular ticks are distinct species 

Bacteriological Diagnosis. The spirochate may be demonstrated readily 
in the blood in the lousc-bome infection during the febnle period and also in 
a considerable projwrtion of cases between relapses , dark-ground examina- 
tion is best, but stalned’films serve. In tick-bome fever the organisms are 
scantier , wet films should be thin, as an excess of red corpuscles obscures the 
spirocluctes. Such a film should be searched for at least ten minutes Scanty 
organisms may be dcmonstrateil also in thick films, dried and deh-rmoglobm- 
iscd licforc staining, as for malarial parasites For st.iming Lcishman’s fluid 
or other Romanow sky stains or sim|)Ic solutions of basic dyes, ( c crx'stnl 
Molct, are suitable Field’s thick film method, as used for malana, is also 
X aluabic. Injection of 1 to 2 c.c of fresh blood containing scanty parasites 
or of blood clot broken down in saline, into a mouse intrapcnloncally 
may produce infection (a contaminated sjw-cimen sliouJd be injected sul> 
cutancouslj). Tlic sjiirocha-tcs tend to be more virulent m blond taken 
during the carl} phase of the attack A droj) of blood from the tail of the 
moii'C should lx; examined daih for several weeks Tlio complement- 
fixation reaction w ith the patient’s serum and a suitable antigen consisting of 
spirocli.vtcs, li.is been dc-scnbcd .above Tlic scrum of relapsing fever i)aticnts 
H stated to give a po«itnc Wassermann rc-iction m a proportion of cases, 
but It IS doubtful whether positive reactions arc obtained m the Weil-Fclix 
test. The spirocli.Ttc ma\ be demonstrated in ticks by making smears 
of the contents of the stomach and v.anous tissues Lice are kept in a 
test-tiilx* for twenty-four hours after rcinoxal from the patient, then placed 
with fine forceps in a smalf drop of distilletf water on a microscope slide 
and the .ilKlomcn lransfixi*d by a needle Literal to the gut. so that llic 
li.imcxele fluid escajvs into the water This is ex.inuncd l>\ d.irk-cround 
illiniiination or dried films arc made ami stained 

BOKUELIA VDfCEhTI 

.\ti tilrer.itive form of (hro.it and mouth infn'tinn i iiar.itlcriv«l bv sH’ift 
grevish membrane and foul smell, with much nxlfina anninil. was n‘« ognisetj 
liv Fl.iut .111(1 Vincent to l>e a-SNoriatnl with large nimilxTs of «piro. h.i les 
along with fu-iform bardli (p ICs), the spiri"hitC'. wliirh arc (»ram 
lu-gitive .uid St. nil faint Iv with wnlciv scilutmns of bisic dves. res/-mb!e II t 
rc/nreynt (p The fondition i\ gem-rallv known .is \'in‘.ent's jn.:im 

In ukrnitivc gingivitis and stomitilis the s.iine two tvi-s nf crginisnis .ire 
numrri'us .U'd the rx tiirremp «»f smill epidemirs of tht' af)r< lion is 
live of .111 infcetive ongm It must I"* Ii'»t«jl. h<iwev«r that pre-existing 
jvithol'v'te.il Condi lions in thi nvejth smh .isrxn sm\ r »1‘ jvi-its of t.iriaf anil 
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carious teeth predispose to the lesions. Similar spirochetes are found in 
certain tropical ulcers, noma (cancnim oris), phagedainic uFcerations of the 
genitalia and in putqd types of bronchial and lung infections ; they have 
been named 'various)}’ Bor. vincofili, Bor. phagedenis, Bor. bahntl'dtt, etc. 
It is not clear \vhethcr one or more species of spirochstes are concerned ; 
Tunnicliff’s yiew that they arc merely a different form of the fusiform bacilli 
has not been accepted generaUj*. The fact that similar'spiroch^tes occur in 
the healthy mouth raises the question vshether this organism is really a 
.pathogenic agent or wdiether its presence in ulcers, etc., merely represents an 
overgrowth of commensals, e.g. in true diphthena they may be found in large 
numbers. The response to treatment with arsenicals (either general or local] 
and penicillin has been considered as evidence of the spirochzetes acting as’ 
pathogens. In a section of the lesion when stained with methylene blue or 
thionin, e.g. in cancnim oris, at the ad\‘ancing margin the spirochetes are 
found deepest in the tissue, then spiroch.-etes and fusiform, baalli, although 
necrosis takes place only after the appearance of the latter. At present 
it seems sufficient to class all those conditions in which the spirochetes and 
fusiform bacilli are found as ' Vincent's disease ’. 


I*SE tfOOSMIlOCH.erE « 


lo blood, especially after it has been heated tntUro at 37' C. and 
structures arise from the rcdceWs.etc , Mhichonexasnisisuon 
illumination sho« a waving motion ; they may be beaded. 5“*** *^™^*“^** 
m„fnv^.n for snirochaUcs Their ‘ worm-hke ' character and the absence 


ttoae of these, maj presentappcarance5indistHiguj>iw*..i 
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LEPTOSPIRA ICTEROILEMORRHAGI/E. ETC. SPIRILLUM MINUS 

LEPTOSPIRA ICTEROH^ORRHAGIiS 

A ^ORM of acute infective disease cliaractcrised by jauncliye, enlarged 
spleen, and nephritis had been lecogmscd by Weil and was known as Weil’s 
disease or infective jaundice Inada and other Japanese workers in 1915 
proved that it was due to a spirochajtc, to which they gave the name Sptro- 
cli(t!a tcterohamorrhagxa. This spiroch.xlc is characterised by its e\ceedingl> 
numerous and fine, closely wound coils, and in 1917 Noguchi applied to it the 
generic name of Leptospira on account of its morphology. The infection has 
been shown to have a wide distnbution throughout the world , it is practi- 
cally always produced in man by contact with infected animals or their urine 
Other Icptospira: pathogenic for man have been duscovered and also non- 
pathogenic Icptospiric occur m water Those oiganisms arc differentiated 
chiefly by thoir serological reactions The clinical features of the discasps 
which the> cause are not a reliable means of distinguishing them, since mild 
infections produced by L- iclerohamorrhagite take the form of an indefinite 
fcbnic illness without jaundice and with low mortality, resembling ' influ- 
enza ' or diseases commonly caused by other Icptospira?. while so% ere infections 
arc highly fatal and have been confused clinically with yellow feser The 
disease caused by L. tcitrohamorrhagia is characicnscd by the sudden onset 
of symptoms, general malaise, se\ ere headache, and muscular p.ims, with high 
feser lasting about ten days, a tendency to hxmorrbage from mucous sur- 
faces, conjunctival congestion, and. in severe cases*, jaundice which becomes 
increasingly marked from alwut the fourth day of the illness Although 
jaumlice was originally regarded as a cardinal feature, it is now know n that it 
IS prc'ont m only about half the cases, these lieing the most serious Tlicre 
IS a marked poKmorphomiclcar Icucocj-tosis The excretion of nitrogen by 
the kidiicj IS impaired Meningitis has Iwen recordcxl in this infection In 
Kinvalc-cence rclaj>scs may dcsclop. The occurrence of the disease m small 
cjmlcmii s had liccn jireviouslv notc<l In Jajxin it wtis found to (*ccur among 
worktrs in the same p-irt of wet mines. During the war of 191 1-18 in>ojy» 
in Prance were affected and the results of the Japanese workers were con 
firm'eti bs bicteriologi'ts m lx>tli the British and Trench armies The mor- 
t.ilH\ w.i-* much lower than that met with in Jajwn On the Contment the 
dKAsc h.is m recent times licen shown to base a wade chilenm- «ltstnl)utii>n 
It was fir>t destnlH’d in ScotUnd by Gullaiid and Bnclianan among co.il 
mini rs working in a wet mine , and Dasidson and olhers ob'<Tvi'd it among 
fish workers . l.irm w urkers are al-o frequent among tlnwnltai kid {Lianlncr) 

It has imuRed m sewer workers in I,ondon (Taitlcs ) In Hulhnd there ln\e 
IxTn friipicnt laso. esj’iMalK following immersion in cati.il w.»trr Tlie 
inildm' e of the dw.i*e is aiiounted for b\ the u-ual siiunc of the infection 
nameh the urine of rats wlm h are tamers of the sj)in»ch.i te 

Mil i.uM ni-ti ( it Ml s* Tf iss The orgimsin m the hhi-xl .ind tissues 
nie.rsuri' »< to ,i m hngth |but l»th sh«irter and fimger fonns iKcur) and 
alxuit U 11 in thn knrss thit is it is a slender org ini'm >>( alMiut Itie thick 
ness of the 7 1 /'j.Viiiim In » iiltures it ma\ grow into imn h longer forms 
It is s.i*newhit thicker iii ifie middle and tajsr' tow irds the rndi. which 
Ml 
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may be pomted, bat there are no terminal flagella (Figs. 145, 146), The mor- 
phology is best demonstrated by dark-ground illumination and is character- 
ised by numerous fine ' elementary * spirals and recun-ed or ' hooked ' ends. 



Fj& 14’> Ltflospita tcierohamoffkagta ia 
a renal tubuk of a t\jW rat : section 
stained by LcvadiU's method Note the 
ij-pica! hooked ends of one of the spird- 
cna tM V 1,(XX> fapprox ) 



Fic. l-fC. Leptofpiraulerii- 
kisniorrhagia‘, itoTn a cu!* 
turernKoguclij'sniedium 
Stained by Ktrkpatnck's 
metb^ xl.OCO 


while occasionally sccondarv 
In ti.ved 


. . ..... 111 !, oeing rotatory and 

undulatory. It can be studied by 
^ all the microscopic methods already 

‘ described in the case of the rr. 

^ (p 479) 

r \'iAmi.iTy A suspension ol (he 

/•Pi Jjj '*• organisms is killed by exposure to 60 

, ..,*1 to 65' C. for half an hour In he 

I. . ^ ^*^***^1 liver of an infected guinea-pi^ ) 

V • (nay remain alive and virulent a 

■g^-- .r. > ice-chest or over thr^e 

necks They “t eand 

V - '■ f* the acidity ol gastnc juice, to bile 

'■‘"‘■S^Iatio.v The organism 

first successfully cultivaleii in 

, . medium for Tr three 

Fi& 347. L. icuraJ\<rmotfhaci<e as ^ the initial growth surn 
a culture by dark-jrround lUom^ttion. weeks. Later it "35 gro 

shotiauft riAnentary spirals. (From a to SIX WCe^s j^gdia 

dratnnK by Dr Geo Buchanan) t'anOUS semi-SOtlo ^ the 

tJogvehi's medium . (a) ^ 

0 9 per cent. NaCl solution). 

rabbit’s blooil). I part (6) T a 

lion ol one part ot neutral or o n ' „a 

and the tasredients mixed ■» , , of ster* p ^ 

nnifonn mixture Both toWhanan tnediam ( ] B 




Fio 347. L. ^cteroh(rm<ltrha<lt<e as ieOT n» 
a culture by dark-jrround lUumitwuon, 
shomn? elementary spirals. (From a 
dranmK by Dr Geo Buchanan) 



LEPTOSl’IUA ICTEROH/EMORKHAGIAi. ETC. aOS 

Cultures for ag^luluiation tests arc obtained as fo)Io\\s, according to Gardner Uabbil’-> 
serum, alter heating for one hour at 50 C , is passed through a Seitz filter, then diluteil 
with gjass-distillcd water (tracts ol copper must be absent from the medium) to a 1*2 per 
cent concentration and distributed in S c c amounts jn tubes \ hea% y inoculum of an 
actively motile culture is re'juired (0 5 to 1 c c per 5 c c of medium) , the subculture 
should yield a rich fcrowth m four or fisc days at 30 C . which is suitable for agglutina- 
tion Cultures live for about a month at room temperature, hut for maintenance in a 
suitable state should he sulx-ultured weekly Aicording to htuart slight lysis of the 
rabbit's blood Irom the addition ol 1 e c sterile water to 20 c c blooil itnproi es the 
medium Ibc serum of certain rabbits inhibits growth of the leptospira 

Sliiarl’s ineJiuin serscs Ivith for isolation and maintenance of the leptospira and tor 
cultures lor agglutination tests Ibstilltd water is used throughout of M/10 snlutums 
of the following reagents, the amounts in c v shown arc me.-isurcd with aseptic precau- 
tions in the order mdicateil and mixed — asparagine (J rot ) 2. N'I1,CI 10 MgCI, -1. SaCI 
fiO . then pure glycerol 1. 0 02 per cent a<)Ui.uus solution of phenol ml lit and water 01 
the mixture and also Sdri ns<n s hufiet solution pll 7 (1 (NajHPOi 211,0 11 R70 grtns 
per hire, ITfi cc added to KH,I*0, W 07H gtms per litre. cc) are steamed 
^eparalely for thirty minutes . thin Iftc c of the tnitfer solution are added to th" nnxtun 
and the whole n steamwj for one hour further (this medium keeps for alxsut one month 
but much longer if, stored in complelcK lull bottles Two or 3 c c of the nudiimi an 
pipetted asepticalK into slcnJe screw -cap biittlcs (which mu't be Irie from traces of snap 
and should have bein soaked in the abosc buffer solution for twenty four hours and 
then nnscxl with water and sterihieil) . 3 to 10 per cent of rabbit scrum iprt\ii>u«lv 
lilten il and chicked as to the pH being unallcnxli is addcxl and the U>ltlts are heated in 
a water hath at (lO C for one hour («! tulws plugged with cotton wool an uMxi ns con 
taimrs the plugs must n<>t be (lameil) Inoculation and incubation arc carried out as 
dcscrilieil ahotc under Gjtrdncr's method 

Relation to the Disease. Tlic incubation |xtioi 1, .is shown b\ infoaions 
due to ncculcntal fmmcrsion. ualioui ten da\s The orp.tnism occurs hnth in 
the blnoii anti in tlic orfiant I-rom the former it r.in he ret overed b\ intu illa- 
tion of {{Uinca-pics practically m all casos» in ilie fir-t four davs of tin- 
disease, thereafter it Rradually disapi>c.irs, and in the picond week 
when jaundice is most marked, it cannot lie tieiccttd Die siiiroch.ite is 
sometimes present in the IiIockI lu tlic human subject m mimliers sufticicnt to 
allots Its detection b\ direct microM'opw examination at the carls st.i).;c 
r.ivlor anti luislc in tlic And.itnans ha<l success with blood tuUfires when 
earned out l>ctssecn the third to the sixth das of illness Ihc spirix h.ete 
mav he detected m the ccrcbro-sjnn.d fluid after it li.is disajijx'ared from 
the hl'xnl 

Of tlie miernal orKaiis the liver contains the orKaiusnis in l.iri^esi niimlxTs 
they maS' Ixr found al'ti m the suprarenals. ami, isjxcialK at a later siaije, 
in the kidncss In ail the organs m tlie hum.ui suhjcxt at j>ost-mortein 
exammatuin tiic lepto-pira- arc scantv thes are often somvwli.il irregular and 
ilegciu rate m ai'jicarani c. and occur in the interior of the sjxx i d » ills as well 
as in the interstitial tis-ue These farts have lieen exjil.uned as Uung the 
risull of the fonintiun oI antiluxlu's. winch dnse ' them from tin l>l<>o<l 
into the interstitial tissues , thus they mis In* found in libroiis it'suc of the 
wall of the aorta I heir kite ot» iirremc and jicrsistem e for sonic iim< m the 
kidness are i omjnrable scith vsh-it «w-curs m the ii iiur.d tnli' lion of ihr rat 
ss'ithoiit the iKiUTTeiue of iIimmsc ssniptoms lujrj) The orgaiuvin is 

also cxifctcil in the urine This di»es not iwcur in the e.iiliesi stage of the 
disc.ise, but from alxiut ihceidbtb to the isvtnts-lirsl das , (x^Mise results .ire 
obtained m .It h as! ,i fifth of the <as<-s Tin reafler U Knidii liK chs.n>j»Mts 
andisnnls found after lh« foilietlidas Tin juescni e of th* lejiiospirr in 
the urine Is first if. mon'irated In inoctil itin.; a Kinne.i j'la \Mhe orginivm 
IS risilv d.innced l)S an .ictd or alk.iiine re.sction ainl li\ s»tnn> .iniiUxlir^ 
speciil j'rmautii'nv mn»l l>c taken in the eximmilii'n (iiJr tr/rji \liito 
v ojiic rxsmin.itioti of the renlnfugml snhmrnl is less s.iti'1 n lots 



Experimental etc 

pi^7o"'™~?"V"F'*'''entIe.;i^^^ of blood or nf . 

the sr ■ ■ 


conju ■ ■ 

'"“V*"™; tendency to ^y^P^oms are 

towards the nn/i .v ^l^i^fninuna. 






Poslvi / 

■ s;';: ~ 

spleen IS laree^and cnniT^'V^l'^ ^••''^niorrhaLnc neohri/i^”^ '■^l^o-peritoneal 
.'■•‘rge epot.,, &i '!>• . The InnRs sKm 


spleen IS large and eoMo . "'' ''■'omon'hagic neohS; ” ^®',''“-Peri‘™eal 

SSEi£rat.,^fs«^^ 

SSS-lSSSEsS^S 

there being perhc ' ' 

the disease is es|)i • ' • 

delelo’’"' ‘f "rinc- 'Honwerb^'iT™ ■■''■? °''''''“0''l"™lenee, 

ties elops and then on microsennr„ ’• * '■ Moenlly found that pvTeina 
organisms arc 

passages. The loss of ririilenee oMhe „ ' an" “■" '>' >>}' '“"her 

acidity or to the presence of bile or slnm foPK™? ''* “ttnbuted to the 

n as appear degenerate and atypiS OiC "^‘‘^^^^opicaUy they 

little susceptible to inoculation irith it.?* animals, such as mice, although 
tion of agglutinins ‘ ' "cganism may show marW produc- 

impiire cultures 0™*’to'i-Oc c'L*'^*’'“P'C? '3 of value for isolating it from 
piinea-pig and ten minutes later '"jeated intrapentoneallyintoa 

from the heart and iusotI- J>n^ount of blood is mthdrawTi 

^ htjlexa (p 509) can h«* Tt> several tubes of culture medium. 

Source and Mode of ^nf.T™"^ (Schuffner). 

enters the body °tho tS? regards the route by which the infection 

infection occurs chif’tlv m "orkors believed that in th' human disease 
infect gmnea-nirrs hv fo« “bmentary tract, and they were able to 

introducing some of ir material containing the organism or by 

failed to produce *hc/ectum. Buchanan and others, however. 

susceptible to acid and .°r« feeding The organisms are very 

o T^-r, _ ^ when 


susceptible to and on^t .x.cuuig iiie organisms aic 

swallowed But an emd* Probably often killed by tlie gastric juice when 
drinking water ( Torco^ disease in Lisbon was traced to infected 

take place f hrm.^i *j ' ^ J^^panese observers showed that infection could 
wilh ?ompara,i"lra%“«T-“ -d found that this occamed 


With comparativf ocoa,,^ 

after the mfors* ^ as the appbcation of an antiseptic five minutes 
infection not prevent i-ifection The occurrence of 

and others Th!s aeree^I" e.vpenmentaliy by Buchan^ 

s dirreesi uifh — i _i. . nnc on thp d<avelrtnment of the 


and others T>5 ^ confirmed expenmentally by Buchanan 

disease after im!^ ^?rees with clinical observations on the development of the 

utilised for dem P^Buted Waters. Tliismode of infection has been 

onstrating the presence of the organism in contaminated 
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^^atcr by bathing «ith it the ««;anfied skin of a guinea-pig (Appelman 
et al ) 

A highly important point with regard to the epidemiology of tlie disease 
is the common presence of the leptospira in both house and field rats and 


relatively high The organisms are practically confined to the kidnci-s, and 
« c have here a resemblance to \\ hat is found m the human infection at a later 
stage when antibodies are present in tlie blood The leptospine are passed 
in large numbers in the unne of the infected animals, and m this wav 
contamination of the soil and various articles is brought about Thus, apart 
from cases due to immersion in contaminatc<l W’ater, leptospirosis in cmlians 
is an occupational disease which afllicts miners, farm-worker*, sewer-men, and 
fish-workers principally The organisms obtained from rats are stated to 
vary considerably in iirulence for expcnment.il animals , tin* ma\ be due 
to attenuation by the acid of the iinnc {ftde supra) Buchanan demonstrated 


infective jaundice may e.xi*t as a saprophyte under natural conditions, and 
from a natural source infect animals or man (K-tde tnjra) 

It should be noted here that an infectious jaundice of dogs, especially 
young animals, known as ‘ yellows has iKcn shown to l)C tliic to L iclero. 
htrmorrhagnp. and the condition corresponds to the human disease The 
infection has also been observed in a fox 

Immunity. The development of antibodic* in the patient’s blood occurs 
during the disease These apjKar toward the end of the first week, and seem 
to lie rckitcd to the divnjijic.irancc of the organism from the blood . they 
become marked during the second week Their presence can lx? ilcmon- 
strated hvspirocha'ticiil.iI. l\ tic, agglutination, complement-fixation, and ad- 
hesion reactions Spiroch.x-ticidaI action is detected by injecting «omc of the 
jMttciu * «crum along with the organisms into a guinea-pig . Ivsis al*n occurs, 
corrcsixinding to Pfeiffer s jihcnomenon m the c.ise of Iwctcru The demon- 
stration of agglutinins in the p.Hicnt’s scrum is of great v.iluc ni ili.ignosis, . 1 * 
the> ri-ath a high litre and jxusist for \ears afterwards (in/r lu/ra) .Vfti-r 
fliree to four weeks the ijire often reaches levels of 1 m li».fX>> to 
the maximum Ixnng Ix-twcen the thirtieth and fiftieth davs \ marked n-x- 
of litre lictwecn the tenth and foiiTicenlh d.»j> is significant .V negative 
reaction at the end of the fourth vvei-k of illm'ss practically excludes this 
ili<caso But as there is matkeil MTologir.d sjKcificity shown liv ihtTercnt 
sptcies of pathogenic leptospine this must lx* c«)nsi(jer«d Ix-fore deriding 
tli.vt a c.ise IS not <hie to leptiKptml infection A phriioiiienon which must 
lie Ixirne in mmd is that a serum wlueh aggh:nn.ites the hviug lejnosjnr.c 
in higher concentrations inav rau«e Ivsis when more dilute This Iviic etlcct 
is slmwn In he.ited sera and is independent of eoinjdement Bats which 
are carrier* of the lejdospira .iImi have antdxvlus m their si mtii 

Sj>eeific antisera imv lx* devclojvil li\ in|eeiing animds. re rahl’its 
rcjHMteilh with killctl or living nilluro l»v agglutination with mu h anti 
sera K/rro^iiroicrr/u-nr. .is met with in I.urojtc ti is tseen ‘liown to lx 
J'nirtiralK uniform scrnlogir.illv , it sonlains two antigeiii' mmj-'nrnts one 
of whivh m.u lx- ilefuirnt in cerliin Strains Ihrreevisi however a niimlxr 
of lej’tosjnr.e which arc serologicallv di'timt <iiir irfrj) llie adfiesmti 
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reaction lias also been utilised by Broun and Diels *1. j r 
t.on of loplosplra.. The results areinalogons to tho^'e 0 ailutatt" teK 

• ft f'Ophylxctic immimisalion Therapeutic antiseri to 

the I iclemhamorrhapa:, with properties similar to those observed in the 
serum during the disease (enfr j«>ra), have been prepared and have proved oi 
value in the treatment of eases. Ei-pcrimental results indicate that the anti, 
scrum shoiitd be given as soon as possible. Also, effective protection bv the 
use of a raecine consisting of killed cliltlires of the organism has been recorded 
(Uniu;. 

Bacteriological Diagnosis. Dmomtraiwn of organisms in the blood. In 
the first week of tlie disease in a pro|jortion of cases the Jeptospira may be 
seen on direct oxaniination of a wet film of blood by dark-ground illumination 
Kliglcr an<{ Ashner centrifuged the citrated blood at 1 .000 to l,500re\ olutions 
jwr minute for live to ten minutes,’ then separated the suj^matant fiuid and 


toncal cavity of a young guinea-pig (not over 17D gnns in ueight) The 
Icptospira may sur\’i\e for some days In dotted human blood ; if this is the 
only material available, it should be ground up and used for inoculation 
W'lth a virulent infection the animal becomes Jaundiced and dies in seven to 
fourteen days Leptospimj can then be found in the liver, lung, and kidne)’ 
either by dark-ground exauunalion of emulsions of the organs or in sections 
oi tlic tissues treated by Levaditi’s method. Older guinea-pigs or more 
resistant animals ina.v not become ill . to obnatc this difhculty the animals 
temperature should be recorded daily and when a sustained or intermittent 
p>rD\ia occurs a sjiccimcn of fluid should be removed from the pentoneai 
cavity for botli microscopic examination and inoculation ol a fresh guinea- 
pig. Several days later the heart blood should be e.xamined Repeated 
passages tend to incrca.se the \nrulencc of the organism for the guinea- 
pig. It is .idvisable in any ease not to wail for death of the ^mal w ore 
making a pass.nge, as the virulence of the leptospirie is diminished a s 
stage Positive blood cultures may be obtained by inoculating 
five tubes of medium, each with 0*1 to 1 c'. of the patients ,,>W 

incubating for seven to twenty-one days. Tl ‘ ccrebriyspxml fwd ) 
ix)sitive results after the org.anisms have dis.'ppeared from the oo 
Unne Especially from the twelfth to the eighteenth aj • 
positive rc-siilts are likely to be obtained by repeated tj,e 

pigs with unnary sediment Since an acid or alkaline reac , ^ , 

vitality of tiie organisms, it is necessary to secure a . the reaction 

by administration of alkahsing drugs to the patient, L ^^noculated 

of the specimen to neutral mthout delay, also.the animal s , go 

within one hour of the urine being passed, rweiviug the se 

c c of urine after centrifuging for fifteen minutes ^..uures may he 

Agglutniaiwn reaction 7cUh blood serum / 0-2 toO ^ 

used in the living state or immediately after addition o *),eac?hJtinable 
per cent, of a pure 40 per cent solution of foOTaWenv e|, dilutions 

suspension, ^fixtures of the culture are made with a frequent. 

lavndson 

1 a total 

, ntthan 

volume of six drops in each tube ; and diatiUec waui u « - 
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normal saline. With a formolised culture the same method may be used or 
mixtures of 0-0 c.c of the culture are made with 0*2 c c. of doubling dilutions 
of the patient's serum from 1 in 2 onw’ard, to jneld final dilutions of 1 in 8, 1 in 
16, 1 in 32, etc The tubes are kept at 30® to 37® C. and the results are read 
after three, and twenty-four, hours. With Ih-ing cultures readings are best 


complete agglutination is recognised by the formation of a fluffy deposit 
visible to the naked eye With living cultures and microscopic reading'^, 
litres of 1 in 30 or upwards are considered positive, but low cr litres arc often 
significant Witli formolised cultures especially if read macroscopicallj . 
some workers consider that to be significant the litre should be over I in UK» 
If formolised cultures are used which have been Kept for a conMclerable period, 
then agglutinability should be controlled frequently by the use of a dneil 
standard serum (see Gardner). 

As a positive scrum reaction may not develop until after the organisms 

' ’ ' ' . • • ’ , 

' anti- 

. I's' litre 

of agglutinins on repeated examinations from the tenth to the fourteenth das 
If the patient has rcccucd a therapeutic injection of anti-lcpiospiral serum 
scienty-two hours or longer before the test, validity of the agglutination 
reaction will not be affected (Alston). 

Isolalton oj L. icterohamorrhagtir Jrom conlaininatfil i.'rthT An area oI the 
abdominal skin of a small gmnea-pig is shaved (vnthoui the use of soap) and 
a sonoa of scanlications made about 8 cm long and 0 5 cm apart The area 
is then immcfaed for one hour m the water, which la kept at .Kr C .\ftcr- 
ward-. the animal is placed in a warm cage until dr> (about fi\e hoiira) 
Dewonslration oj the infeclion tn rah Scrapings of the kidncv «nrte\ 
shouhl l»c cvimincd microscopicalU by the d.irk-grouiul mctluKi. both organ> 
iK'ing eNaniincil bccaii'c of irregular di«;tnbution of the !eptO''pir.e titnis 
should also be prepared b> I^Mihti’s mclho«l The most enustaut evitirnie 
IS the pri*sOiKc of agghuinins in the .scniiu, titrcs of 1 in and iipw-inl 
Iwing taken as <iiagnostic of present or past infiction (Larson), .VIso gumc.i- 
pigs may l>c inociiLiteil willi an emulsion of the rat's kidn<‘\ or urine but 
this method sutcivds only when the anim.d is newli dt.id (btnilh) 

OTHER PATHOGENIC LEFTOSPIR2E 

A mimlxT of Icptospira, .ill nut-rostupiralfi milistinguish.ibh from /. 
ic!frohcrtn<’rrhj;;ta‘ h.iie now !xx-ii rrtoicrcil fixmi m.in nr .iiiini.ils which 
•hffer scrologu.ilh from tint org.»nisin ami al-w* among thcniw l\c*s as showai 
by din'd acehitm.ition ami the aggliitmm-.-il»s^»rpunn rr.ntion (\\.il(h 
Sorgdr.igcr) Uowomt. thei .irr more or less rrUml as rcginU thrir antigrns 
The chni< .il eotulUions are often like in!lueii7 1 or iniM iiplius fcn r and main 
of them are reLilneh ituhl. but in Mtme jrumlwe »k» urs ab-ng with <onndt r 
.able m(ift.-ilit\ Tbr nnilence (or in in is In a greil evirnl pifallc|r<ni\ ttiit 
for the gumn pig l.nhrgcmeni of the hmphatit glimb an 1 railj^-s art 
(e.itures of n rtain of ihe disc ises Tht s}^ ie> of aiuinaK which arc j!fr< imJ 
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or act as carriers vary aJsD These infcrtiens’are proportioeaUy more 
frcquSnt m man in countries outside Europe, having been met rvith in various 
parts o! Asia— Japan, Dutch East Indies, Andaman Wes— and in Ansiraih. 
On the continent of Europe Z. canicola affects dogs, especiallv in Holbnil 
ana also occurs in Great Britain ; man is occasionaMyiniected. SHamp-fever 
or mud-fever, met with in man in various parts of the continent of Europe, is 
caused by L. grippo-iyphosa and cases in Denmark and ehewhere are due 
to infection with L, sejroe. Leptospirosis of cattle has been found in Russia 
and Palestine (see Bemkopf etal), as well as Australia. Diagnosis of the 
conditions is usually made by the a^lutination feactioti ; but there is reason 
to believe that after recoveiy from some of them antibodies disappear from 
the serum more rapidly than in cases caused by i. icierohanwrha^k. 
What has been stated about the latter as regards cultivation, use of guinea- 
pigs for recovering the organism, etc., applies generally to those other patho- 
genic leptospirse. 

L. canicola, found by Schtiffner and Klarenbeek in Holland, affects dogs, 
causing urtemic symptoms with little tendency to jaundice. It occurs also 
in Great Britain and the United States of America, and in Germany may be 
the cause of the ' Stuttgart disease'. Rats do not harbour this organism: 
thus the occasional cases in man are usually contracted directly from the dog 
(see Baber and Stuart). ' 

Leptospira grippo-typhosa o! Tarasoff {L. andaman B) has been recovered 
from the blood in cases of swamp-fever or mud-fever, a condition which occurs 
in epidemics among workers on the land in the warm season after e.vtcnsu’e 
flooding m Eastern Germany, Russia, France, Italy, Switzerland, and in the 
Andaman Isles In this disease there is a sharp febrile attack whidi last? 
less than a week and the mortality is low; jaundice is not a feature There 
may be one or several relapses The organism has little virulence for giwn^ 
pigs or mice, and the best method of demonstrating it is by means oi 
culture during the first two days of the fever ; ft is also pr^ent m the 
before the onset of fever. The chief animal carrier is a field vole. . ’ . 

arvalis Although no cases have been observed in Great 
species of rodents indigenous here have occasionally been foun ^ . 

the Continent The diseas? has been produced in general paraiju 
therapeutic purposes by injecting a pure culture of the . . •sfjnd 

L. sejroe (Petersen and Christensen) was first j The mfec- 

of Sejroe ; it is the cause of outbreaks usually oi mud oisea „mer> 

tion hasalso been contracted in Italy and other parts of h-urop . 

are ■ ' ; , , ,.er is a disease of low 

L . r . . ' • . Taundice is 

fatality met wth in country distncts in Japan e 5 tablish«i 

but there is enlargement of lymphatic ^ j- tkp lentospira 
the constant presence in the disease of L. convafesccrce- 

charged in the urine, often in large numbers, and v j-g }jarbovrtdh^ 

It is only slightly pathogenic to gmnea-pigs L- present in 

the wild mouse, Mterotus monlehelloi. and ^he orga i 

kidneys and excreted in the unne of these animaU. endemic 

L, aUtumnaUs (L akxyami A) produces m the aut jauncljcc is. 

tion in a country distnet of Nagasala L^eous is usual. 

flea th seldom occurs iauridlce Fieldmic. 

g'aJiwmcendemk 

L. rachmat, L. salmem (or pyrogeuu»j. “•- Weil’s ' 

infections in the Dutch East Indies, which 
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mortality is moderate. Plantation workers are affected especialK Guinea- 
pigs are fairly susceptible to thes* leptospirs and there is often jaundice 
The two latter are carried by rats^ Cats have been found to carry L. batavia 
and other species (Essevcid ti at). L batavite (mtUs) has also been found in 
rice-field workers m Italy 

L. andamaa A produces a form of Wcils disease in the Andaman IsJcs 

itospira is fairh viru- 

stal fever ’ m North 

Queensland The disease is severe, but not ver>' fatal Ljanphademtis is 
common, but jaundice rare These organisms are earned bv tiic cane-iicid 
rat. It culnwrum Guinca-pigs are fairly susceptible to the infection. 

L. pomona and L. mitis (batavue) both produce a ' sc\-cn-<lay f**ver ' 
type of illness, rarely accompanied by jaundice or fatal, among daiiA’ workers 
in Queensland. The infections arc apparently endemic among pigs and 
cattle Tlie rodent earners are not Known Guinca-pigs arc not scM^rcI\ 
affected L. pomona has recently been recognised as the cause of disease 
in swineherds in Switzerland 

LEPTOSPIRA BIFLEXA 

Non-pathogente lepiospira? ha\'C been ol>scr\cd m water supplies, mines, 
etc . by various workers (Fig. 148) , they arc especially prevalent where 
there IS a slimy deposit, eg at the mouth of 
tajis. This tj*pc of organism can be rcadiK 
luUivated like the other Icptospinc. but is very 
sensitive to salt, also to acid It can l>c demon- 
strated by ennehnient. e g m London tap water. 
b\ adding about 1 jicr cent, stenie fa-ccx and 
Keeping the mixture in a I’ctn plate at 2V to 
C for ten dnvs to throe or four weeks 
(Hindle). Pure cultures may Ik obtained b> 
filtration through a Ikrkcfcld filter or b\ 

Schhffiior's method. It has been claim«-d that 
by passage in animals it ina> iKcomc viruU-nt 
and cajublc of causing in gumca-pigs the s,imc 
pathological condition as L iclfroh{rmorrh.ii:nr 
Alvj, since the Kattcr ma) surxisc for a time in 
wet voll. water, etc , it has iKcn suggestcil llul 
the saj*roj)h\tic Icptospira is merclv a im«lilicsl form of the jnthogemc 
vatirlN (naTm.ann and Zuclrcr). but there is nn clear proof of this Mruins 
of I,. Itjlexa are srrohigicallv ihstinct from the pilhogenir leptospira alv) 
thev ihlfcr among tliem’*cl\cs 

SPIRILLUM JimUS (SPIROCIWrrA MORSUS MURIS) 

One form of rat hue feser |*^lc)ku). follnwirg the lute «>1 a rat after .m 
inculution jieno*! usinJU of *e\en to lwent\-«nc sl.ss's. prevnts .i i h.ir.ii let 
i'tu clinical s\-ndrome- intlamiintion and uWratitm of the <Km in Ihr n« igh 
l"Uirhood of llie bite, which m.ii liasecoinplctelv ljcde<lli\ the tune uf 
of the di'a'.n-e, paroxysms of fever of tlic rel.ijMng t\j»- swelling of Umph 
ghnds and a jvitehv ervthcmitous *kiii cruplion In tinttc.Hed <as<-^ ihr 
infection miv j»'rv«st mdtfmitclv It resjuimU to salvarvin lhrr.i{w Iln- 
tli'r.nse li.is lurti (ilrsefvnl in various pirts of the we>rl 1 lull has Ixen r'>wt 
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Microscopic Characters. The organism is comnarativelv short 
measiinng 2 to 6 /i, and presents a few regular curves of 1 n each (Kfe 149l’ 

It B relatively thick and easily stained n eacn (rig. H9) , 

stain. By dark-ground i/lumination 
the blood or peritoneal fluid of an in 

motUity of a ■ darting ' type similar to that of a vibrio. Polar flagella (1 to 7) 
are present at each end : they are more frequently multiple. than single. 




A B 

Fio 14). 5'“-' • • - • i-.- I 

tally infect«c. 
mouse, staine 
McCluskie) . 


The Organism is practically rigid. Thus it has been considered that its bio- 
logical characters conform more to those ol a spuillum than a spirochiete 


The flagella are difScult to stain . they may be demonstrated by fixing very tbm 
films, immediately after spreading and before drying has occurred, for thirty to sixty 
seconds over the vapour of i to 2 per cent, osmic acid solution and then. i\hen df>*, 
staining overnight in a 1 . 10 or { 15 dilution of Giemsa's solution 


CULTiVATio.v. Futaki and co-workers obtained growths in Shi'manunes 
medium (sodium nucleate dissolved in horse serum, carbon dioxide j«sse 
through the solution, and the medium heated at 00® to 65® C.) ^ 

observers have failed to obtain cultures, however, in \'arious raema, and e 
Japanese workers were unable to maintain their grotvths after 

Relations to the Disease, Experimental Inoculation, and Mra • 
The causal organism occurs m the local lesions, the relate 
glands, and in some cases in the blood. It has now been j 

in a few cases of rat-bite fever in this country, including v-c 

(Jlackie). It IS of interest that a condition similar to ra - i e 

followed the bites of cats, dogs, and ferrets • .ii,.,r, nf rat- 

Rats, mice, and guinea-pigs can be infected with the spir 
bite fever, and the organism appears in their penpheral bm . ^ 

to laboratory animals is relatively low, ‘'"““Sh njijjdual 

ceptible and, after a time, succumb to the mfecfion. i„frcted : they 

guinea-pigs are resistant. Mice show no Mack, and the 

usually become refractory to reinfection after the “ , , j,,rsist 

organisms practically disappear from the blood , altnovgn 
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in larRiT numbers in the p<*ntoncal ca\'ity (Saisawa and Taise). The disease 
has been produced in tlie human subject by injecting blo^ of infected 
animals. The sjnrillum occurs m a .small percentage of rats and field mice 
under natural conditions, and the disease has been producc<l in the guinea- 
pig from the bite of an infected rat. Tlic mechani«tn of infection is doubtful. 
It has Ix'en suggested that when the animal bites, bleeding from the mouth 
provides the material for inoculation. Infected animals ma_\ develop a 
keratitis \sith spinlla in the conjiinctiv'al secretion, anil from this the nasal 
and mouth secretions become infected. It has been shoisn also that anti- 
boilus develop in the blood of convalescent {vitients and infected aniin.ils . 
these jyisscss protective and immobilising iiropurlic's, etc. In a proportion 
of patients tlic blood may give positive \V.asscrmanii and lloccul.itinn 
reactions 

.\n organism morpliologically identical wnih 5/) minus i« sometime-, 
finiiul in tile blood of mice and the infection can l>c passed indofinitclv throiigli 
fresh animals, but it does not flourish in other sjxjrics It is non-p.ilhogcnic 
to nine and in.ij also be non-infcclive to man (MrCluskie) Simikir sptnlh 
occur m rats and guinea-pigs it is necess,ir\ to ensure Iwforeli.ind tint 
ammnls u«etl for cxjierimental inoculation are free from surli natiir.il 
infet turns 

Bacteriological Diagoosii. Uxasion of an enlarged gkind anti ino* iilition 
of several mice (or rats) and guinea-pigs intraj>entone.ilK, <iiI>cutaiieoiisl\. 
niul intracutaneouslv with the cmiilsilicd tissue provnles the most certain 
inetluMl of demonstrating the spinlhim . or the glanil m.i\ l>c punctiiretl vutli 
.1 svringe anti fluid aspirated. vvhifliiNii<csl f«»rinoiailatioii In somesMso the 
organisms mav l< demonstratevl directiv in the hwal lesmn, .iiul the CMitl.ite 
from this m.iy U' used for .anim.il inoeukation AU*. 3 to c r of b!rt*t| v\ iih- 
dr.ivsai slunug the pyrexul st.vge can Itc tnjectcvl vntr.v^’s.’ntnue.vlU vnto .a 
gume.i-pig. but this nictluKl m.av fail .\fier a v.arving incubation j'-nixl up 
to .1 month fur micc'-the sptnllum »aii K- slcmonsir.ited bv the meiliotls 
mriJtiotietl alxne. in ttie jvriphrral blo«»l of the infectesl .mim lU 



CHAPTER XXVI 

Tin- KICKI- nSI.l- 01' TYPHUS FKVKK, KTC: iiAKTON'ELLA 

Jia: tcnn u-as on'f>maUy apjilied to certain definite stmctiircs 

louful to <1 c\t1o|, tn tlir alimentary tract of lice after /c«Hn'? on ca 5 e> of 
lyplmc fever (' typlius cMintlicniatiois It ha*; nlso Ix^en shown tbit the 
(ljMM<^* ir.inynitteil by htKnhtinf; >»rtccptihJe animals with the fxce^ of 
in'wcts rontaininj; the>e ‘ rirkettsia liodies Silnilar Ixxlies occur in thcccIU 
of the lesions in man and exiienmeTital animals. Several other dLsoases have 
Iikeuise iK’en found to Ik* transmiticfl by arthropods liarlxnirin;? such lyyJics, 
namely, nninne ' typhus bv the rat flea, kocky Motrritam Spottcil l'e\cr bv 
ticks, another t\ phns-hkr dise.ise bt' m/tcs, and trench fever bv lice. aM the 
SuUh .\frtcan thseavo of cattle known as ‘lieart-«"atcr Tlie name 
cornmetnoMtes Ricketts, who iiivoti^jatcil those diseases ami died of an 
attack The rnkett'-ia IkkIics are very minute diplococcal or rod-shaj’ctl 
-tnict lift's, nieasiirnij; as a mle levs than 1 /*, alihouyh longer forms occur and 
i-onsidcraldr pleomorphism is shtmii. Thevare flrjm*ne;;ativeai)d base only 
a sseak aflinity for tiie tirdmary bacteria! Mains. In order to demonstrate 
them (itowM's Milntian has Ix-en much iisesi ; with this they stain a blue to 
nthUsh or purple colour . Macchuvello's metlnxl is aUo suitable for smear 
pro|virattcins Tlie tiiuUng of rickcltsi.T has leil to much investigation regard- 
m#; thrir fx-nirrcnce in van<ms arfhro/x>ds and their significance. On the 
<»ne hand, the sitecdic ctiologual ndalionship ol the rickettsia bodies* to the 
resjiectis'c <h<cas<v apjie.ir?. <n the case of Ucc, from the fact that insects fed 
ujKin healthy (icr.sons do not develop them and that their appearance in the 
gilt coincide> with (he aajiusition of infectivity by the lice. On (he other 
hand. simiKir IxmIics have l*oen found in s-anous bJood-sucklng arthrous 
ap.iri from the (x-curreiico of di-s‘a<c m their mammalian hosts. Tlius Noiler 
shoued that m-imn (the .sheep ’ kerl V habitually harbours 

nckcttM.f, the Iwl-biig jriwcx /er/ii/arms) K constantly infected with >uch 
IkkIii's (,\rkwTigfil. .Alkin and Itacoth and (hey occur ni the oiTincs of the 

tno««niito, Ctilfv (Ih rtig) Their presence has aho been demonstra e 

in a mmilxT *)f other arthrojxxH by Hertig and Wolbach, and others . 
rt-yards llie nature of the nckettM.i IkkIics there has bci-n some 
although It IS clear that Ihes are ilefinite stnictures dbtmguisha ^ 
mitochondna, etc , ch.a( thev arc hvm#,' objects c'pable of mu *P . 
•<;cms evident In the case of fever they uj ^lear in . » 

llic intestin.il contents of the Iicc after some das-^ 
infected bhwl, ami also they are seen to pack thetpilhelu-Jce ^ 
to cause disturbances in function which lead to the dea i tU«ues 

Other nekettsueagnm arc fwrmfcss to the arthropod the 

they apjx*ar to flourish in jx^rmanent ha%e failed to 

eggs from one gcnenitiori to another. J" artificial media, 

obtain cultures of pathogenic rickettsia bodies on ti con- 

allhough they hai-e been found the develop- 

taining mmeed fresh tissues, ami especially vvciJ m 1 1 > , intracellular 
ing foul's egg. That is to say they beha« Jre'not proWerating 

: hou’cx'er. they erow best in livmS , j ,v oc Jvhasaour 


parasites ; hou-cver, they grow 
actively. Ihit, Kickdlsta ntelof'hagt grows 


>“,Sdagar.,ndin.«beteriour 
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in culture resembles the onimar>' Kxctcria. Mt>st ]uthOj:eh»o uoVettvi.e d>' 
not pass filters which retain the onlinary lucteria (.ux\'r\hnc: lu I’lnkeaou 
this may be duo to their low viability when sejMr.itetl fivm tissue cells). 
\Vith the electron micixKcojx' their apjx'anuice tVM'mblcs th.it of v.w,viui.i 
\nrus and ordinan* Ivncteria m that they ha\e a limiting nu'nibr.iuc siu- 
rounding a substance apjwrv'ntly of pnitopliMmo iialuu' (I’kitr cJ 
Accordingly their general characters would pUce the rickettsi.c in an m. 
definite group intcnnediate Ix'twet'n luctena and viriisc'. Xo \eiv sifis- 
factory classification is avaikible . ajMrt fnuu one Kl^ell on the ics of 
arthropods which harlxmr the \-anou'. rickettsue, that adopted foi the foims 
pathogenic to man rests on tmimimty riMCtions. TIuk reeo\ei\ of .m in- 
fected animal is followed by msuM^'ptdnhly to reinfeetion onlv with the >..une 
species of rickcttsia , also there is the dexolopment in the ■‘I’rnm of the 
infected indindiial of agglutinins sjKcilic for the caus.il orgaui-iu, .is well us 
of complement-fixing aiitiliodies and of .inti-infictiee Mihst.iiKes. llu'se 
reactions arc fairly closely jcirallehHl bv the Weil-h'elix te.irtH'ii. n.niii'lv 
the agglutination of particular memlH'rs of a series.of st.uul.ird sli.iins o( 
B f>rolc»s by the seniin of infected subp'cts. 

Classical t\ pints fever iii a moderately severe alt.nk is iliar.u'teri'ed In 
pjTcxia, which rpucklv reaches a high lo\rl and is m.nnt. lined for ne.uh u 
fortnight, at the onset sc\ ere headache with nieiilnl iHsturl'.uu e p.issiiig l.ii( i 
into delirium, and a characteristic skm eruption, llie iiiort.ilih is low in 
childhood, but after the age of thirty \e.irs it iiu reaves to tipwMnls of fill per 
cent The other rickettsial diseases are elinn alK siiiul.ir, but all slunv imu li 
variation in sc\critv . m some ,i local ks.Mm tends lo ilmclop at the site of 
inoculation This group of diseases is siry highly iiifetlne foi ni.iii iinil 
elaborate precautions must be l.iken against spre.ul, espetiallv lhinui;h the 
air, among susceptible iiulnKhiats working with tlie riikelisi.e {v.m i|in 
Endc el al ) 

RICKETTSIA PROWAZEKI (OF LOUSE-DORNE TYPHUS mVER) 

In the following description the form of tvpliiis fever will Ih* referrcl to 
which li.is long Ikvh known to cause serious epnh nut s in I.iirfn>e untl Asi i 
Since It has Ixjcn Icarnetl tliat smulnr «Iiseasc\ « xisi wliu li < .in l»e limit' or I< ^'l 
clcarh tlistinguislicd, this original tyj»c has In en v.irn>uslv ii.ini<'t| t pnli tun 
■ 01(1 World ', ’ chssic.il ' ioiise-lM»rne ' Iniinan ’ 1 h'- • ssrnti i| fr iinre 

of this inftction is its tr,iii«imssnm from man to in in tliroin’li tlit .igi in v 
of Ik'C .ind tile nrgniiisni has in iinl.iiiied high Mniliiue pr< 'iiiu ihiv as 
a result of constant jmssige through oiu siis« eptilih «{k< n s td ni mun ili in 
liost \n aitcnintetl form of the disivtsi- iniv imsI Imwivii. r /■ ih* 
(oiulition known as Iirill» ilisrasr imt wtlli .uimug irri.iin 1 itr'gM m 
irntnigrants in New York .iml otlur towns of ilm imrlli « I'l <oi\t i>1 »()> 

I nitctl States 

rite first «l(finite results regirdmg th»* « tif»1f^'\ ol tvplnis ffv»r wnr <ii. 
t unetl t(V Nuolle in I ‘'(i'l (lu^ ole-* rvi r f«««iri<l tli it tii' of » .iw . *,f 

tvplnis ftvtr (luring the ft link as w«ll is imnn ih it* U isfort .«iel 

.ifttrw.irds. vs.is infertive for < liiinpin/<< s Urn hh««l is liifli|> infufii* 
during tit two vset ks of anile lUfK'.s A khrih inu'-s w>ii< h u is ['r ■> ti' iHv 
tdi nil' il with tie cliw-as* jn tn in (lie Itidin,'; if ' oi-.n illv •tin ffupliou ,tii.| 
sxinif tim''s f it-ilj w.Ts firtfltimk ao'l tl»e hhirl of >nf« i Irrj miiiii ili w ,s ae iiii 
lufeetive lo'.sirds fit-sii indivi>hi ils A hrge leiintp* r of mi- I. pi u » i ir 
*tir. *-".(111 ■somt *{*•' I'-s of I »H»f iiiontrvs are •'I" 1 piil,(/- * j-'iilh «lni 
in’* ulaltd I'-lr ij» fitoue il!\ , h"* ”*»1> ? ‘ t di * «•» if -ilts Of r 

M ^ '' 
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animals the most susceptible to the infection is the guinea-pfe i„ which 
following m rapontcneal mcculation with several c.c. of infecti^WoI^ThLe 
occurs an illness after an incubation period, wJu’ch is seven to twelve days as 
a rule, charactensed by fever and loss of weight ; the illness lasts for four to 
eleven days and is only exceptionally fatal. In the guinea-pig the infectiv’e 
agent IS prpent dunng the febrile period in the blood and solid organs 
cspec/aily the brain, and in the tunica vaginalis of males. In this anfmal 
hkcNvise It can be maintained by passage and does not undergo any change in 
virulence. As in tlic human subject, the characteristic lesion is a prolifera- 
tion of the endothelial cells, etc. of the small blood vessels, which form masses 
in and around the vessels and lead to thrombosis and occlusion. The cellular 
masses arc marked in the brain and in the skin, but arc also present in other 
organs. In the male guinea-pig, after intraperitoneal inoculation an inflam- 
matory cxutlate may occur into the scrotal sac ; but this is much more 
marked with the murine variety than with louse-borne typhus (vide infra). 
Kusama and Segal showed that the infective agent is particularly associated 
u'lth the blood platelets, since a suspension of these c/ements separated from 
the other constituents of the blood by centrifuging is specially active, whereas 
the blood plasma and also leucocytes from peritoneal exudate do not produce 
the infection. Nicolle found that the infeettvity was destroyed by a short 
exposure of the material at 50'=' to 55* C. 

Rats show no symptoms after inoculation with typhus rickettsias, but 
their blood becomes infectn'O, as can be demonstra ted by inoculating guinea- 
pigs : also agglutinins for the organisms develop. Further, the infection 
may persist for upwards of a year in the brain. Such a condition is some- 
times referred to as ‘ inapparont infection Various other rodents, as well 
as cals and dogs, can be infected. 

T/ic vector of infection. A most important fact established by Nicolle 
was that under natural conditions infection takes place through the Pedicnhn 
/ummnus {corporis variety ; probably also capitis) .Monkeys and guinea-pigs 
can both be infected by lice previously fed on a human case Since the louse 
becomes infective after the seventh day following the infected feed, it is clear 
tliat the causal organism undergoes development or multipliration in the 
insect host. It is present in the Ixccs of the lice which constitute the ^ourw 
of infection for man under natural conditions During the war of 
serious outbreaks of typhus fever occurred in Serbia, Bulgaria, and Poland, 
and in the late war at Naples and elsewhere ; measures based on the new t at 
the body louse is essential to the spread of the epidemic — esot ..laliy the use o 
the insecticide ‘ D.D.T ’—were always successful in contt. -iing its sprcaa 
Accordingly, the evidence is practically conclusive thf cyphus ^ 
spread from man to man by the louse It is possible th t the causa ag 
may be transmitted through the eggs of the insect to a -v-cond genera 
lice, but this appears to be very unusual „ a « is 

jMjckoscopic and Biological Ciiaractfr- . Piciieitsia p himsell 
the name given by da Rocha-Liroa to the sm.dl bodies 
and Prowazek in the intestine of lice taken Ricketts and 

These are probably identical uith structures dc^enbed J j,jood 

MMder fwho stated also that they were present 

of typhus fever patients, but this has not been confirm demon- 

\'ialatte, and others They are non-motile and are satisfy charactenstic- 
strated by staining with Giemsa’s sf mSsunng 0-25 by 

ally as minute cocci, diplococcus-like ^dies, ot f & j capsule 

0 3 to 1-0 /., usually of a blue to reddish or pu^le Ponsidenbie 

has also been described round the ends (Fig. 150). 
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pleomorphism, and thicker forms, threads and chains up to 4 to 10 /< or eien 
20 to 50 /i are also met with 


the alimentary tract of the lice from the imd-gut dosvnward The infected 
cells become distended with the bodies, so that the nutrition of the infected 
insects is interfered with and they die The nckettsias are also found m 
enormous numbers m the fieces of infected lice owing to rupture of the dis- 
tended cells 

The transmission of typhus infection to guinea-pigs is effected by inocula- 
tion with the gut contents of lice harbounng the nckettsia bodies, and m the 
absence of these bodies the gumea-pigs do not become irf;cted Also, blood 
platelets of infected guinea-pigs when injected per anum into lice cause the 
appearance in the latter of R prowazekt, as shown by Bacot and S^gal 
The excreta of infected lice remain virulent as a 
dry powder at room temperature for at least elev'en 
daj's and probably for over two months (Starzyk) 

The high infectivity of such material would explain 
the frequency with which this disease has been 
contracted by investigators in the laboratory 
(Arkwright and Bacot) It appears that the 
entrance of infected louse c.xcrcta into minute 
punctures of the skin, e.g the bites of the insects 
and scratches, constitutes the chief mode of infec- 
tion in the human subject under natural conditions 
But there is evidence also that the nckettsiaj may 
be inhaled and enter the body through the mucous 
membrane of the nose and respiratory tract. When 
a suspension of virulent nckettsiai, in guinea- 
pig’s brain, is introduced into the nose of mice and 
cotton rats, a pneumonic lesion develops By using 
a strain of organisms which has been repeatedly 
passed in this way mice die in forty-eight to seventy-two hours and vcr>' 
great numbers of nckettsis arc found in the lungs (Castaneda . Andrewes 
el al ) The infectivity of ricKcttsi.'e is rapidly destroyed by beating at 00’ C 
and by antiseptics Suspensions stored m scrum broth and frozen at 
—77® C. remain alive and virulent for many months (Elford rt al ) 

(A nckcttsia which is also situated within the epithelial cells of the intes- 
tine m lice has been met with occasionally and was named R rocha-ltma- b\ 
Weigl ' ■ . . M . . - 

man. or 
by tonta \ 

it IS a variant of the latter or a separate species is not determined — see 
Sparrow ) 

1 he nckettsia bodies may also be demonstrated in the endothelial cells of 
the sascular lesions of the skin, brain, and other organs from human cases and. 
though less frequently, in the tissues of infcctesl guiiica-piEjs (Wolhich t! al ) 
The great numbers found in the lungs of mice when the infection has lxH*n 
ai lommodatcd to these animals, have been utilised as a source of vaccine 

i cf Jin'oHSiiatittf RUktUtitt, A »Tn'-ar of ti«ue ij on a 

mi< r &lulc. allnusl to dry in the «»r and then genth «arme«l On t« tho ■« 

tiltrrr.1 tlimoRh ciKirse pajK-f, 0-3'' percent. folatKin of Imic (iich«in in iImUHc^I wat'-r 



Fis IM) RichtUna prmia 
ttkt from tensed put of 
an infected louse An 
mtestmal epitbclinl cell 
IS seen contammgnumer- 
out KicKettsin boilies 
GicmsVsstnm x l.SfO. 
(Trom a specimen lent 
by the lite Sir J A 
Arkimght ) 
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rnTm-fi to act tor four 

minutes and is then washed off very,rapidly with 0 5 per cent citric acid solntion and 
again very rapidly washed with tap water. The dim is then stained with I per c?nt 
aqueous methylene blue for about ten seconds Both mtra- and extra cellular ricLettsij; 
stain red ; cells are blue 

fi-’ced m formalin, is cut into slices 2 to 3 mm. 

. ,, , d for thirty-six hours 

, Iphate I'O grm , dis- 

, , , , , thereafter the tissue 

IS washed for tnenty-four hours, dehydrated, etc , and embedded in paraffin Sections 
arc stained with Giemsa’s solution overnight Differentiation is best effected by exposure 
of the stained sections to strong sunlight ; the rickettsi® then appear of a deep bluish 
purple tint, while the cytoplasm of endothelial cells is faint blue The methods of 
Castaneda and Nyka may also be used for demonstrating the bodies (Appendix). 

Cultivation Although, as has been noted, no growth is obtained on 
anj- of the ordinary culture media for bacteria, proliferation of the rickett- 
sife occurs in surviving susceptible cells. Wolbach and Schlesinger found that 
R prowazeki multiplied in the endothelial cells ih tissue cultures and material 
from a ‘ subculture ' twenty*eight days after removal from the animal was 
infective when inoculated into a fresh guinea-pig. Nigg and Landsteiner used 
a medium of Tyrode solution, scrum and minced tissue similar to that of 
.Afaitland for vaccinia virus, and effected six passages. Zinsser et al. obtained 
cultures as follows : the tunica vaginalis of a guinea-pig six to seven da}s 
after intrapentoncal inoculation is finely minced with a few drops of serum 
and Tyrode solution and the mixture spread on the surface of a sloped tube 
of agar, and kept for six to ten daj’s. The rickettsiie multiply in the chorio- 
allantoic membrane of fertile liens’ eggs Cox’s discovery that after inocula- 
tion direct into the yolk sac very great numbers of the bodies accumulate and 
death of the embryo occurs has proved of the greatest value for the prepara- 
tion of vaccines As tho inoculum, the brain or tunica vaginalis of an infected 
guinea-pig during the period of fever, is used. 

Immunity, Nicolle observed that, as in the case of man, when an experi- 
mental animal has passed through an attack of the disease it becomes 
immune to reinoculation By taking advantage of this fact it has been 
shown in cross-inoculation e.xpenments that louse-borne typihus fever as me 
with in different parts of the world is immunologically the same It a 
been known that children under ten years are less susceptible to )P 
than older individuals, and Nicolle made the interesting obsemtion tnai 
when a family is attacked, young children, while apparently ' 
really suffer from a slight rise of temperature This condition 
an abortive attack of the fever as the blood in such cases is , . 

animals These abortive cases may play a part in the (o 

disease Nicolle ’s results have been confirmed in Amenca. ..•ho'^are 
Zinsser, Brill’s disease represents a recrudescence fever 

the subjects of an jnapparent infection folloumg an attac ' . P 

m childhood , roofers nassiie 

-ri. 00/1 o«Jma?.«dunnff convalescence conius I 


serum are more persistei 

Dietnch — show a high ' 

Accordingly, the agglutination reaction is ol grcai vaiuj complement- 
iouse-borae (ypjiiis from murine, the same f “V 5^, ;„fravcnOTsl)’ 
fixation reaction Nicolle and Consal, by ‘ i„ea-pigs, ftodeced 

or intracerebrally emulsions of the brains of in j^j.pira. Soccesslul 

an antiserum nhich had protective effec s gn 
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attempts to produce effective afitisera hy means of XiJIed nckettsiae have 
been recorded by Zinsser and Castaneda. They injected into a horse 
large amoimls of nckettsia bodies (demed from the tissues of rodents 
infected nith the murine fonn of the disease) treated with formahn. The 
resulting antiserum, when injected into gutnea-pigs se\eral days after 
inoculation with European typhus tnatenal, prevented development of the 
disease. Antisera may protect against rickettsial tovms (Report, 1946) 
Active immumsaLtion has been effected in the human subject by injecting 
several small dosesfl c c ) of serum denved from cases of typhus fever or of 
infected guinea-pigs' serum or tissues at the height of the fever, but this pro- 
cedure IS not safe as a general measure W’eigl lias used as a vaccine for the 
human subject the intestinal contents of lice infected with the typhus 
nckettsia, which are ground up in a weak solution of phenol Although this 
method has proved effective, jt is not adapted for preparing considerable 
amounts of vaccine, since the large numbers of lice required must be fed on 
human subjects who must be already immune to tj-phus fever. Two types of 
vaccine ha\ e been wulely used~(a) a formohsed suspension obtained from the 
lungs of mice infected intranasaUy with an adapted strain of the organism 
(Durand and Giroud) and (6) a suspension of the nckettsiie grown in the yolk 
sac of developing chick embryos and treated with phenol and formalin {Cox 
and Bell), The nckcttsix are freed from other constituents by differential 
centrifuging. Several injections are given and should be repeated yearly. 
These vacanes do not cause any severe effects, but they may not prevent a 
subsequent attack. In human subjects so vaccinated and then inoculated 
with virulent organisms six to eight weeks later the incidence of the disease 
was unaffected, but the mortality was abolished, according to a report of 
Ding m Germany Cox and Belf were able to protect guinea-pigs against 
infection with R fimcazeki by means of their vaccine. 

fVetl'-Felix reacliert The tendency for the blood scrum m typhus fever 
to contain heterologous agglutinins was ongin.ifly observed by Wilson, who 
found a positive W'ldal reaction for B typhosus in such cases Bacilli of tlie 
B protens group have been cultivated by Weil and Fehx from the urme and 
blood of typhus fever cases and also post mortem from the organs, which, 
while certainly not the causal organisms, are important because of their being 
powerfully agglutinated by the blood serum of typhus fever patients The 
strain designated B proleus OA’-19 is constantly agglutinated tn high dilu- 
tions, while it is not affected by serum from almost any other condition, 
except Brucellosis (see Findlay), thus the reaction possesses great value in 
diagnosis The agglutimna lot this organism appear m the blood on the ftmrth 
or fifth day of the disease m about 76 per cent of cases and reach their height 
m the second week , the titre ntay be 1 m 5.000 or c\en 1 m 100,000 They 
may still be present many months after conv-alescence , but the reaction may 
become negative in from si.v weeks to thrive months after the onset of the 
illness The e.xplanattcm of the Wed-Felix reaction according to Castaneda is 
that the nckettsia and the Proteus baciUus possess a common carbohydrate 
antigen Rabbits injected with tj’ohus nckettsise develop agglutinins for B 
/>rD/r»s OA'-IO, but r'””"' t Another strain of B prataiswlnchis 

airiUr.»'- ' strongly, by the serum of typhus fever 

. wmle the Kingsbury strain (B proteusOX- 
^o.uuiiated {For details of the test and its use m diagnosis, rirfr 
tn/ra) .\ccording to Felix, the antigen of B proleus OA'-IO corresponds to 
the heat-stable antigen of R prouazekt, while the thermolabde antigen 
of the nckettsia resembles the Vi antigen of the tj'phoid bacilius {see 
Craigie et al ) 
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RICKETTSIA MOOSERI (OF FLEA-BORNE OR MURINE 
TVPHUS FEVER; 

N’eill (1DJ7) antJ looser showed that male'emnea-pies inocuhted m(ra- 
pentoncally ; 
a.s ‘ tabanlill 

was usually auseni in ivnmiaib uiiccicu wuu uw liurojHian lypmu, aytm n 
Jias since been discoi-ercd that tbcrc exists both in tlic eastern and western 
heniisplicrcs a disease closely resembling typhus, but uhkh is relatively 
/nihl, docs not tend to occur in epidemics, and is not spread by lice, ft is 
known by various names in diHercnt localities, c./:. in Malaya, urban or shop 
t.V{)hns Portlier investigation has shovin that the rickettsia responsible for 
tin’s condition is found in the rat flea. XcnopsyUa chcopis (D^’cr et al.) and in 
the tf.ssiies (brain) of rats where it mayfong persist without ill effects (Mooser, 
Castaneda and Zinsser). Therefore the name murine typhus has been given 
to the disease. When injected intraperitoncally into male guinea-pigs this 
rickettsia causes after four to si.v days a very marked inflammatory suelling 
of tlic scrotum The e.vudatc in (he tunica vaginalis shows numerous 
rickettsia bodies {R. inooseri) in the cndothcital cells, ^vhich are microscopic- 
ally ludistinRuvshable from R. proxcazeki. The localisation at this site is 
attributed to Us lower tcmjicfaiure being more fax’ourable to the ^owth of 
the organisms The Wcil-reh.v reaction with the different strains of B. 
Proteus js the same as for lousc-bornc typhus fever, i.t. strong agglutinins 
de\eIop m patients’ serum for if. proleus O.Y-19 ; and R. meosrri is agglutin- 
ated* ft IS noteworthy, however, that while R./>roua:r^i is agglutinated also, 
the litre for the latter is much louer. Similarly, the serum from cases of 
louse-borne typhus shows a higher titre for the homologous rickettsia than for 
R uwoseri. There is also a considerable degree of cross-immunity between 
till" infection and that of classical typhus. On reducing the resistance of 
guinea-pigs or rats by c.vposure to ?C-ra>s or other means, very 
iationsof R mooseri can begot in thepcntoncalcavjt}’ : and these killed ^v^t 
forinahn may be used as a vaccine. On injection of the matWAl \x\ta horaW. 
autiscra have been obtained which have a curative action in infected guinea 
pigs. Growths of the rickettsia bodies may be obtained as io ® 

R /iroH'ncrfti. especially by inoculation of (hej'olksacof chickembrjos a 
infected with A’ imown develop a definite febrile illness and ^ 'v'/j-pe 
inoculated intrana.«ally, e.g. witli infected guinea-pigs brain (w ^ . 

from other organisms), develop pneumonic lesions wliich -e 

rickettsia.- The infection apparently exists widely m nature amon^ * 
spread among these animals by the rat louse. Polvphx 
tije flea) and perhaps other rodent 
fleas is an accidental occurrence. 

in man would thus be due to lack of accommodation ol to 

human host It has not proved possible under 

transform the characters of the munne agent animals is con- 

louse-borne vanety or vice versa, so far as a ^^hich is more 

cerned. But hce can be infected wath ^ nauhaae ’ of Toulon, 

- ii„ fjipm than R. 'i>rauazeki 'The ' stated 

•• R.moosertaK 

-esent varieties 


rinqpJv related, ancl it nas i>ee« »; 


Knflfi JUIDJ 


,ress(!<lbytlie“''f 
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The antigenic structure oj Typhus RickeUsttc. According to FuJton and 
Begg, the louse-borne (epidemic) stram and the munne strain, while sharing 
antigens in common, each possesses a strain-specific antigen as determined 
by agglutination and complement-fixation reactions with the homologous 
antiserum. These antigens are regarded as being situated at the surface 
of the organisms. Boiling a rickettsial suspension depnves it of its strain- 
specificity ; the degraded antigen reacts with an antibody in anti-nckcttsial 
sera (developed in rabbits or guinea-pigs) which is distinct from that which 
reacts ivith the undegraded n^ettsi* The antibody in rickettsial antisera 
from rabbits which reacts \nth B. Proteus £>A'-19, is a fraction of the anti- 
bodies which react with boiled nckettsiie, but is distinct from the antibodies 
to the undegraded rickettsial antigens 

DERMACENTROXENUS RICKETTS! {RICKETTSIA RICKETTSI) 
ETC. AND RICKETTSIA OF OTHER TICK-BORNE FEVERS 

The typhus-hke disease. Rocky Mountain Spotted Fever, has been the 
subject of much investigation in America It was the first of the group m 
which the causal agent and the mode of transmission were demonstrated 
Its seventy vanes greatly , in certain districts cases are few but the fatality 
is high, while elsewhere the disease may be prevalent but mild The essential 
pathological anatomy appears to be an mflammatorv reaction of the adven- 
titia of the vessels of the subcutaneous tissue and of the genitalia, with 
degenerative changes in the media, and a perivascular accumulation of large 
mononuclear cells There is also thromb^is m the I’essels The disease is 
transmitted by several species of ticks . Dermacentor aneiersont, which infests 
a variety of mammalian hosts is the chief vector to man, while in the Eastern 
States D rartabihs is responsible Monke5's. rabbits, and guinea-pigs can be 
infected w’lth the blood of cases, and also by ticks The natural animal 
reservoirs have not been discovered, however, although dogs have been found 
to be naturally infected. The virus is transmitted hereditarily m the eggs of 
the ticks through consecutu'e generations In the guinea-pig the illness is 
’ ' f , ' t , , There is fever with, in 

vhich follows subcutan- 
and rash m the ears, 

swelling and sometimes necrosis of the feet, etc However, strains occur 
which are of low virulence for guinea-pigs In the blood vessels in human cases 
and m infected guinea-pigs, especially withm the large mononuclear cells and 
smooth muscle cells, and also in the tissues of the tick, bodies are found which 
\\’olbach named Dermacenlroxenus nckeltsi, also known as R rickeilsi 
These bodies multiply within the endothelial cells in tissue cultures They 
differ from other nckettsliB in the fact that thet invade and multiply pro- 
fusely in the nuclei of infected cells, both m the tissues of mammals and ticks 
and also in cultures Some of the bodiesclosely resemble A' proi-nzcAt . but 
diplococcal forms occur, especially in the cytoplasm, which may be as large 
as pneumococci Their viability resembles that of the other nckettsia? 
Abundant growths are got in the yolk sac of chick embryos None of the 
three strains of B proiem hitherto used in the diagnosis of typhus fever is 
agglutinated bj the serum of Rocky Mountain fever cases to more than a 
slight degree After recovery there is a solid immunity to reinfection , but 
there is no cross immunity between this infection and classical typhus The 
serum of animals which had recovered was found by Ricketts and Gomez to 
possess protective power, and an antiserum may be obtained from rabbits as 
a result of repeated intravenous injections of blood containing the agent 
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TJiis anfiscrunj when injecied daring the incubation period is effective in 
preventing tiie outbreak of the disease in guinea-pigs inoculated with many 
times the Jetha] dose. Active immunity can he developed in these animals by 
inoculation with fresh mixtures of living virus and antiserum. Effective pro- 
tection against the disease has been obtained in man by injecting several 
doses of a ca'rboHsed suspension made by grinding up highly infected ticks 
ppencer and Parker). This w'as the first vaccine ol the kind to be used. 
Immunisation must be repeated each year. 

In various parts of the world there are fyphus-hke diseases which are 
tick-borne and resemble Rocky Mountain Fever more or less closel)'. Of 
these, S5o Paulo typhus appears to be identical, while ' Fi^NTe boutonneuse ' 
IS \'ery closely related. They all correspond with Rocky Jlountain Fever as 
regards the Weil-Felix reaction 

Sdo Paulo Typhus {Brazilian Spotted Fever). Towards the end of 1929 this 
apparent!}’ new disease broke out in the region of Brazil, whose name it 
bears It docs not spread from man to man. but presumably is derived from 
inld animals. The clinical features closely resemble those of Rocky Mountain 
Fever. The tick responsible for its transmission is Amblyomma cajemeuse. 
The causal rickettsia multiplies in the cornea in guinea-pigs after inoculation 
into the antenor chamber of the eye. There is complete cross-immunitj 
between Rocky Mountain Fever and Sao Paulo tjphus 

Fxevre hottlonnetise, which occurs in Tunis and elsewhere on the shores of 
the Mediterranean, is spread by a tick, khipieephahis sauguimis, from dogs, 
which ore frequently infected. The name of the disease indicates the local 
nodule which develops at the site of the infective tick bite , this is usually on 
tJie leg UluJe guinea-pigs which have recoi-ered from infection vdtb R. 
ftekedst are immune to the rickettsia of Fi^vre boutonneuse (R. conort) and 
vice versa, a killed vaccine of the former prepared from ticks protects only 
against itself and not against R coiiori. Accordingly, the two organisms 
appear to be variants . • c 

Similar tick-borne typhus fevers occur in India (.Megaw), and in »outn 
Africa where the condition is designated 'tick-bite fever'. The vectoR are 
not definitely known, and the immunological relationships are not 
defined. In African tick-borne typhus, patients’ sera agglutinate especia } 
the (7A'-2 strain of B. proteus 


RICKETTSIA OHIENTAUS (OF 'KDTStlGAITCrSHI DISEASE) EIC. 

An infection resembling typhus fever, first investigated in 

named “tsutsugamushi disease ’’because its association with mi esw 

It was also known as “ nver fever,” since it occurs along th& inous 

rivers at times of flood Later, however, it has been rural 

regions and because of its incidence in country districts has • 

(or scrub) typhus It exists in the Malay States and Su idtm, and 

caused very senous losses among the troops in the .. -jjan cst 

^’e\v Guinea in the late war It is transmitted by m .^i i.fe when they 
bug which acquire the infection m one phase of ri tir ^ . guck. 

attach themselves to the skm of vertebrate these atMck- 

The mites concerned are Trombicula akamusht anc < « . ’ p orieniAis 

many species of animals, also birds Yanom re len s onli’ obrions 

as an inapparent infection, enlargement of natural reservoir. 

abnormality , thus rats and voles appear to b; the . rs 

rickettsia persists in the adult mite and is transmit that which 

infected when attacked bj' lar\’je of the generati 
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acquired tKe infection. In certain localities a local lesion of the skin dei elops 
at the site of inoculation, but this eschar is not a constant feature of the 
disease. R. orientahs was demonstrated by Ishi\vara and Ogata, who 
inoculated rabbits jntralesticularly with infective material and found the 
nckettsia m the interstitial celb of the or^n, Nagayo ei al showed that 
the infection may be passed in series through rabbits by inoculation into the 
anterior chamber of the eye ; an acute local inflammatorv reaction develops 
with the appearance of the nckettsia in the endothelial cells of Desetmet’s 
membrane . this was the first satisfactory method of maintaining the infec- 
tion. Guinea-pigs are less susceptible than to the organisms of louse-borne 
and murine typhus or Rocky Mountain Fever, but animals which ha\'e been 
fed on a deficient diet are more readil)'infected Slonkej’s are also susceptible, 
and de\’elop a local lesion on intradermal inoculation. R. onenlahs may be 
accommodated m the mouse and cotton rat (Szgmodon htspidu^ htspidtis) 
on repeated passages by means of tntranasal inoculation, a fatal infection 
resulting (Fulton and Joyner). Pneumonic lesions develop and the lungs 
contain enormous numbers of the organisms . this material forms the source 
of suspensions used as vaccines Growth of the nckettsia occurs m tissue 
cultures, but not so satisfactonly in the yolk sac of chick embryos The 
organism resembles R prowazekt and R nckeftsi, but tends to be sliorter and 
plumper and to appear as a baallns, the average size being 0 S to 2 /t Jong and 
O'S to 0*5 ^1 broad They appear scattered through the protoplasm of infected 
cells and also present bipolar forms. 

For 5taming very small rickettsial /orms of It oneutahs in lung smears Fulton and 
Joyner proceed as loUows The smears which must be thm and contain as little blood as 
possible, arc fixed by heat and treated wilb (a) Ziehl-Neelsen'a carboi-fuchsin diluted 1 in 
6 with distilled water for one to two misutes, washed and differentiated with 50 per cent 
alcohol till pale pink . 1^) then stained for two minutes with a mixture consisting of 
50 c c saturated solution of thtonin m 50 per cent alcohol. 0 5 grm asure II. 10 c c 
SOrensen'a phosphate buffer pH 7 6, distilled water to 100 c c 

The pathological changes m the organs in man resemble those of typhus 
fe\er, but tend to be Jess pronounced Recovery from infection is followed by 
immunity in man and animals, but this is stated to be less durable than in the 
case of the other typhus-hke diseases The sera of conx’alescents give the 
complement-fixation reaction with suspensions of R onenlahs Cross- 
immunity tests hav’e shown that there is no common immunity to R ortentahs 
and R prouazeki, R moosert,oT R nckellsi On the other hand, the mite- 
bome infections of various locabties — Japanese. Malayan, Sumatran, etc — 
immunise against each other One source of fallacy which must be considered 
in such tests is tJiat a strain of low \nnilence maj* not immunise successfully 
against one of higher virulence Also there is evidence that dilfercnt strains 
of this nckettsia may vary m their antigenic components (Rights, SmadeJ 
rf al ) By means of a formoliscd vaccine prepared from infected cotton 
rats' lungs, mice can be actively immunised against an othenvise fatal infec- 
tion with the organism In the second week of the disease a& a rule, a 
positive Wcil-Fehx reaction develops to the strain of B proteus known as 
’ Kingsbury ’ (OX~K) and reaches its height in the third or fourth week, 
but the reaction is negative with and 0-Y-'2 Apparently B prolens 

OA'-A' and Sptnllutn tntniis have a common antigen, since rabbits inocu- 
lated with Sp tnntns develop a positive SVeil-Fehx reaction to this strain 
(Savoor and Lewthwaite) 

Rickettsi.\l Pox In 1946 a localised outbreak occurred in New York 
of a disease characterised bv a primary skin lesion followed after about a week 
by fever and a diffuse eruption which was at first papular, later becoming 
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^ wde age-distribation, but none was seriously 
' Oi mice injected intraperiloneaHy irith Wood from a patient on (he 
second day of fever several became ill and from one of these the infection 
was passed to mice and to guinea-pigs, for ivhich if also proved pathogenic, 
producing a scrotal reaction. Further, on inoculation into the yolk sac 
of fertile eggs the embryos died and rickettsi® were demonstrated The 
complement-fixation reaction was obtained with the sera of convalescents 
and an antigen prepared from the yolk sac of infected eggs. A close antigenic 
relationship was shoum to exist between the new’ rickettsia and /?. rickethi, 
but none with the nckettsiae of endemic fy'phus, tsutsngamushi disease or 
Q fever. The patients* sera did not develop siguificent agglutinins for B. 
proietis C?A'-19, OA’-2, or OX~K. The same rickettsia was isolated from mites 
{Allodeniianysstts sanguineus) and mice m the houses where the oufhreak 
occurred. The serum of the mice also contained antibodies for the rickettsia 
Accordingly it is concluded that these animals and the mites which parasitise 
them are the source of the disease, and the organism has been named 
Rickettsia acari (Huebner et al., see Greenberg ei al.). 


RICKETTSIA BURNET! {RICKETTSIA DIAPORICA) ' 

Derrick and Burnet and associates found that guinea-pigs and mice 
could be infected from the blood of patients who were workers in a sliugMer- 
house and meat-canning factory or on dairy farms m Queensland. The 
patients suffered from an indeterminate febrile illness without rash and of low 
fatality, named “ Q fever ” A rickettsia was demonstrated in the liver and 
spleen of infected mice This organism was then shown by cross-immurii y 
tests to correspond to a rickettsia recovered by Davis and Cixi from ticks m 
Montana, U.S.A. and afterwards shown to infect man The latter was natn 
R (itaponca because it passed through filters which retained the causal age 
of typhus fever and Rocky Jfountaiii Spotted Fever ; R. bimiih is also 
able In a fatal case the chief post-mortem change was A 

which suggests that the infection is acquired by inhalation. ^ 
infected individuals agglutinates the homologous rickettsia, ‘ i.mj,*. 

standard B proteiis cultures. There is no cross-immunity wi • V 
In Queensland a small marsupial, the bandicoot, is mfecte o gjgthe 
species of ticks are probably vectors, including ' ,^u}({nly 

likely vector of infection to cattle and farm workers Th« orga -..sent in 
in the epithelial cells of the alimentary canal of the beks an 
the faces Inhalation of this material derived from cart .nfection ol 
anmUatiis. H^,uaphysal-<- i ..nnears to be the mode ol 

meat-factory workers vere 

m the Allied troops in ” , red 

clinically ‘ atypical pnei 

BACTERIOLOGICAL DIAGNOSIS OF TyPHUS 

This depends practically on the use of the its demon* 

procedures for reco%-ering the rickettsia by ammal-u 
stration by staining do not jueld results rapidly ^ 

HletM The test should he earned e»ot niay 

diameter with round bottoms but instead 

trom the Central Public Health ^aboratoo.^*^ . t/je standard re g 
S in the living 5tate or preserv^ by o! the patient s 

beloiv) For a prel)minar>- test. I c.c of doabimg 
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from 1 in 120 to I jn 640 ate mcasBred into the tubes and 0 0.> c c {one drop) o£ con- 
centrated bacterial suspension added to each The mivtures are kept for two hours 
at 37’ C , since 0 agglutinins of low titte sera tend to be labile at 50' C . the results 
are read after twenty-two hours further at room-temperature (jn the jce-chest in tropical 
countnes) The titre is noted which ctnresponds svjth ' standard ’ agglutination 
(Appendix) Positive results may be detected by a magnifying lens at the end of the 
period at ST*' C A positive result with a weaUy reacting serum may be missed unless it 
IS heated beforehand at 45” C for thirty nunutes. which diminates properties inhibiting 
agglutination 

Preparation of i ggluhnabU inspenstons Cultures must be in the O state To ensure 
this tbe>’ should be plated on agar and discrete colonies selected , if a spreading growth 
occurs the culture should be plated on mediam coatammg an anti-spreading agent (or 
1 1,500 phenol may be used), then a number of colonies are subcultured separately on 
ordinary agar and "non-spreaders chosen After incubation for twenty-four hours at 
37° C those are selected which form stable suspensions in 3 4 and 6 8 per cent NaCl 
solution, i e arenotin the rough state (this does not apply to the OA‘-K strain) The cul- 

tures have then to bo examined for agglatmability with a known positive serum or, less 
ssttslactarily, with rabbit's antiserum Two agar s/opr cultures are made from each 
colony and grown at 37” C for twenty-four hours One of these is kept (‘ duplicate '), 
the other Is suspended in 2 c c saline poured into a fresh test-tube and at least four 
volumes of 96 per cent alcohol added The tubes are shaken repeatedly in the Course of 
one hour, then the suspensicm is ceninfuged, the sediment resuspended in 0 25 per cent 
formol-sahne and diluted to a suitable density That culture is finallj’ selected the 
alcohol-tTcated suspension of which ts agglutinated most rapidly and completely to the 
highest titre Bulk suspensions ma> then be prepared from twenty-four hours' growths 
on agar in Roux flasks or screw -capped ' medical flat ’ bottles — these are inoculated with 
a broth culture made from the ' duplicate ' After treatment of the centrifuged sediment 
with alcohol, as described above, as ranch as possible of the supernatant fluid must be 
piMtted oft , the ‘ediment ts then thoroughly resuspended in strnle ssbne and to this is 
added l/7th of its volume of 2 per cent formul-saline which has been brought to a pH of 
7 6 by addition of KajHPO, , thus the final concentration of formol is 0 35 per cent in 
the mixture The density of this suspension is standardised as follows ascertain how 
many times it must be diluted in order to match No 3 of Brown's opacity tubes, say 
twelve times , the required density is usually 3 7 times this Accordingly, 5i> c c ol 
suspension will require to be diluted to IdJ cc . i e 112 ce ol diluent must bo added, 
of which 7/8ths u sterile saline {9» c c > and the remaining J/Stii (14 c c ) is 2 per cent 
formcil-salme 

In the case of IS proleut OX-K. the Suspension after treatment with alcohol should 
be diluted with sterile distilled water and then the required amount of 2 percent formol- 
saline added Sensitive stable suspensions are not readily obtained with this organism 

Jnlerprdahan oj resuU$ According to Feliv, in Joiise-borne tjphus com- 
plete agglutination of tlie ‘standard sus|iension of B proteus OA'-l9 with 
serum diluted 1 in SO is significant for a patient, not a native of an endemic 
area, w ho has not been recentl) vaccinated with typhus vaccine W here there 
has been anu-tj'phus vaccination within three months complete aggfutjnation 
With a dilution of 1 in 200 or over stronglv suggests active infection A 
marked increase in titre, i.f doubling, in tests rejicated at two-day intervals 
IS positive evidence Failure of the litre to rise practicalK e\du(!cs louse- 
borne typhus esccjvt in v crj’ sev ere cases bkelv to prove fatal A drop from a 
high litre during a penod covenng three to four months after the illness is 
aEi. to be arceplcd a.s evidence that a ctinicalh mild vondition was tvphus 
fever A later fcbnlc Jnnc=>s of another nature does nut cause nsc of the 
agghitimns for O.V-l‘* .\bout 25 |>cr cent of cases never show a titre as high 
as I in .ViO . in tficsc a jKJSitive reaction is obtained later (sixth to seventh 
day) than in stronglv reacting cases Mild illne'vses mav show either a high 
or low litre In ntiiruie hp/iiis the reaction appears to have tlie same 
diagnostic value as in the luusc-bome disease 

]n riirii! l\plisii the use of the reaction with the OX /C strain is ipwlified 
bv the hid Dial susjicnsjons of this otif^anism aw less stable than tlio«e of the 
other B proien^ strains Accordinglv. a litre not under t m lO't for lota! 
agglutination is required for a signihcanl residi tm a single examination M 



VIRUSES U\ GENERAL 

ferments or dyes may be retained by a filler. Thus the retention of a suddo*,! 
I irus In a filter does not necessarily mean that it is too farce to oass 

h'lrif ■ f ‘h^' fhe pores of the BwkefcM filters are 

farter than some of the bactena tiliich are retained by such tiltcre. Accord- 
. . . ' ’ ™’J’*''dJMSsage of aparlicfe through a pore 

In recent times organic membranes such 

deve'l'no u" 'ri't'’' fiftemh/f/ty, TMs mrk has been 

del eloped by Elford and a metbod has been evolved for obtaining membranes 
of uniformly graded porosity— graiAira/ membranes. The .as'erage diameter 
of tlie pores ol tliese membranes ranges from 3 // to 10 njg fO Of a). Thee 
are prepared by evaporating a solution of collodion in acetone fo which has 
bci?n aaiJcd a mj.\turc of ethyl ,7lcohol and ether a/ong uith varying quantities 
ol amyl alcolml The she of tlie pores is determined b}- the composition of 
tlic collothon solution and the comlitions of evaporation. By means of such 
membranes Liford and his co-workers have compiltcd the sizes ni the par- 
tides representing various filtcrahle viruses : these v.iry from 8 to 12 
(pohoinychtis vims) to 0-120 to 0-170 ft (vaccinia virus). This range of size 
IS striking when compared uitli the much narrower limits of the ordinary 
bacteria 

1 lie filterable viruses have also been described as iiltramicroscopk, 
though in certain virus diseases, ^g. vaccinia, ^•cry minute coccoid bodies— 

‘ elementary bodies '—can be recognised by suitable microscopic methods; 
they w ere originally desenbed by Buist in J886. There arc good grounds for 
considering that those are the actual vims. Elementary bodies are often 
found in pairs or short chains, suggesting that they are in process of dnism 
It has been generally assumed that micro-organisms or particles of less 
dninieter than 0-2 /« arc bofo%v the limit of the resolving power of the micro- 
scope and so cannot bo distinguished as separate objects by ordinarj* 
microscopic methods Coles, however, has pointed out that Mth white light 
as the illuminant and an objective of K.A. 3 *4 a dark isolated particle just 
over O'07-l /i m diameter is visible, and «ith green light an even smalls 
particle (0'0G75 // diameter) can be seen. It has been estimated that the 
Bcrke/eld filter (one of the most porous \-arict'ies) will aUow the passage o 
particles measuring approMinatcIy 0*2 /<, so that theoretically an organism 
might pass through certain grades of filters and .\‘et be demonstrable 
'^copically. It should be noted that staining methods which involve 
of mordants, etc , probably render nnis particles visible by jncrusUng e 
with a deposit of stain, thus exaggerating their real size, ^ ^ v 

virus particles, Barnard has utilised pliotogcaph}- by ultra-nolet hg • , 

is of shorter ivavelength than that of the \Tsible ray's, and thus ° ^ 

greater microscopic resolution. (For this purpose quartz len^s are q ■ 
as glass absorbs the ultra-violet rays.) By this method he has 
demonstrate photographically virus particles of 0-075 /< . reailiJv 

ground illumination, which renders visible very' ,.,j much to 

demonstrable with the ordin.-iry' microscope, has not contrio 
our knowledge of the ultra-microscopic \nruses. owing to 
organism of such minute dimcnaoji*. unless actively organic 

tincuished from the numerous particles seen by this . . .g gie^t 

SenaJ. The recent introductron of the eleetmn f 
resolving power has enabled virus partictes to that the 

tions Thus examination by the and suggests that 

elementarj* bodies of vaccinia virus are *>nck-Jap ^ ^-ouxided 

they possess an internal structure. Many other Mr P 
or filamentous. 
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VIRUSES IN' general 

Paihogentc nrfioii. The diseases of man and animals due to the filtefable 
t muses are characterised geneiallj- by their high degree of Infccti'dtv aS 
rapiditj oi spread I eiy minute doses of the virus also are capable of pro- 
duemg a mamiest in cction. This has been «-eli illustrated under evS 
mental conditions. Thus it has been shown that 0-000001 c.c. oi an emuSon 
of hrain tissue from a monkey infected with yellow fever will cause lb” 
(hsease on )n}cction into another animal. ■' 

The characteristic pathogenic effects which mav 


* J .thu LompijM; aii tlic known degenerative and reactive 

tissue changes, as well as the production of simple and maiignant neop/asms 
in certain cases. Many of the symptoms of I'irns infection suggest the action 
of tovins, but the production of theso bodies has seldom been demonstrated. 
V iruses, bko bacteria, are subject to adaptation, c.g. exaltation and attenua- 
tion of virulence, so that the severity of the disease effects produced by agiven 
virus may var\’ \Mthin wide limits. xXpparently s])ontaneous variation 
(mutation) may load to similar results. Also, latent infections are frequently 
met iwth, anil likewise carriers. 

The method of piissagc carried on with a view to raising the rirulencc of 
ti virus agent suspected to be present, has brought to light a source of fallacy 
in such investigations Apparently normal animals may harbour a virus 
which only becomes virulent after repealed passages. Thus ‘ virus lU ' of 
rabbits (Kiv'crs and Tiflett) was discovered as the result of repeated transfers 
of testicular material through a scries of animals, the original inoculation 
having been with blood of rabbits which seemed healthy (Andmves and 
Miller) In the first passages no changes followed fhe injtctjons, but in later 
transfers the intratcsticuiar inoculation produced acute orchitis and p^Tevia ; 
and intranuclear cell inclusions were found, especi.tlly in the macrophages, 
Other species of animals were not susceptible. Similarly the salivary glands 
of guinea-pigs appear to contain frequently a transmissible virus which causes 
a local mononuclear reaction and the formation of intranuclear inclusion 
bodies Intratc.sticular inoculation of the virus causes similar lesions, and 
injection into the brain leads to acute meningiti'v Other e-vamples wall ® 
mentioned later. , 

In the majority of virus infections special intracellular structures av 
been found — mriusiou Mies. These arc in some diseases restricted o 
particular tissue, but in others they arc present in the cells of various issu • 

In certain diseases the bodies occur in the cytoplasm, in others ^ 
intranuclear, and they may be met with in both situations. n 

greatly \n sue from about 0*2 ft upward, and in the cytoplasm o a | ^ 

there may be forms measuring 1 to 20 /i or more The 03 - 10 ^ a^m , 
bodies tend to stain with and dyes, but often they • ^^njonstra- 

constiUients. The intranuclear belies are t-osinophdc. or .Mann’s 

tion Giemsa's solution or other cosin-inethylene-blue comb > . 

metlivl-blue-eosm stain have been much uss^. They ^ bodies 
the Feulgen reaction (the psittacosis and allied viruses, a 
e.vceptcd — Lepme and Sautter) and do not contain ^ thev yield 
oxidase reaction is negative, while on micni-incine - ’ 


.\egn 


bodies. 


ash (in contrast fo nudeofi). but certain ^ kIus ^ of these 

contain calcium. Various views have been ie«d as parijcles or 

inclusion bodies . it is probable that they reactive or 

ameeates of these surrounded by celfula _ jn accordance 

degenerative, and derived from both nucleus and cy p 
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with the conception that incluaon bodies represent parasites ' cloaked ' 
nith cellular matenal they were at one time called ‘ chlamydozoa In 
the case of the Bollinger bodies in fowlpox, the disease has been reproduced 
by inoculation with one such body, whereas the fluid in which it had been 
washed proved non-infective (Woodruff and Goodpasture) In some cases 
by suitable methods the bodies can be shonm to be composed of minute 
granules, elementary hoUtes, and these correspond to the minute bodies which 
may be observed in lesions as free structures, a g in the pox diseases In 
certain cases, e.g. the Negri and Guamieri bodies of rabies and vaccinia 


be demonstrated Cell inclusions and elementar 5 ' bodies have been seen to 
develop in vitro in tissue cultures containing a virus These facts suggest 
that the filterable viruses are intracellular parasites, and in this respect they 
contrast with most of the ordinary bacteria. WTule inclusion bodies are 
highly characteristic of the action of viruses, it cannot be stated that these 
are their sole cause It has been claimed that they can be produced b>’ 
various phj'sical and chemical agents (see Fischmann and Russell) 

Certain virus diseases are practically confined to man , among those 
generally accepted are smallpox, epidemic poliomyelitis, encephalitis lethar- 
gica and several other forms of encephalitis, herpes simplex (febnUs), herpes 
zoster, chicken-pox. measles, the common wart, molluscum contagiosum, 
trachoma, inclusion conjunctmtis. epidemic kerato-con)unctintis, climatic 
bubo (lymphogranuloma inguinale), dengue, phlebotomus fever and other 
tliree-day fevers of tropical and subtropical countries, mumps, influenza, 
the common cold, infective hepatitis, and glandular fever. In all. over 
thirty human diseases have been ascribed to viruses Others which are 
common to man and certain animals are vaccinia, rabies, yellow fever, Rift 
Valley Fever, psittacosis, and several other forms of ‘ atypical ‘ pneumonia. 
Ijinphocytic choriomeningitis, and louping-ill, also various forms of 
encephalomyelitis 

In addition, a number of prei'alcnt animal diseases are due to similar 
viruses — foot-and-mouth disease, the pox diseases of various animals and 
birds, distemper of dogs, swine-fcver (hog cholera), cattle plague (rinderpest), 
African horse sickness, fowl-pest, x^esicular stomatitis of horses, Borna disease 
of iiorses. infectious anemia of horses, pseudo-rabies of cattle, leukiemia 
of fouk. ectromelia of mice, and various others Swine influenza is an 
example of a ' complex infection where the combined action of a virus 
with a bacterium (B inflnemae suis) produces a sei'ere disease, whereas 
each by itself has little or no pathogenic effect (Shop?) 

While in most of the above diseases the evidence that the specihc etio- 
logical factor IS a filterable v^rus has been well established, in some cases it is 
not altogether conclusne or complete These questions \«11 be discussed 
later 

A liltcrable causal agent was also demonstrated b> Rous m 1911 m cases 
of fowl sanoma, and has giscn nse to much speculation and discussion 
regariling the possible \'irus etiologj of mali^iant tumours. Though certain 
lesions whicli might be classified as simple neoplasms (vide supra) ha\’e been 
found to be due to viruses m mammals, the only caus.al virus like that of the 
Rous sarcoma which has been discovered in a malignant tumour of animals 
other than certain birds is .issodatnl with m 3 ’xomatosis of rabbits --although 
this nia\ be a romple.v infection with two \iru^es (Sliope) 

Le\ aditi ixunted out that a group of fll* ■ ’'jssing iinises. eg those of 
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Pathogemc action. The diseases of man and animals due to the filteraUe 

ranidhv^of snm d v by their high degree of infectivity and 

rapidity of spread Very minute doses of the liras also are capable of pro- 
ducing a manifest infection This has been iiell illustrated under ei^ri- 
mcnta! condition's. Thus it has been shown that 0-000001 c c. of an emuSon 
of brain tipue from a monkey -infected with yellow fever will cause the 
disease on injection into another animal. 

The characteristic pathogenic effects which may follow infection by a 
virus and its multiplication in the tissues constitute one of the chief means of 
recognising its presence. These effects in general are similar to those pro- 
duced by bacteria and comprise all the known degenerative and reactive 
tissue changes, as well as the production of simple and malignant neoplasms 
in certain cases. Man}' of the symptoms of virus infection suggest the action 
of toxins, but the production of these bodies has seldom been demonstrated. 
Viruses, like bacten" - vs . . . 

tion of virulence, so 
virus may vaiy' \v 
(mutation) may leac 
met with, and likewise carriers. 

The method of passage carried on with a riew to raising the rirulence of 
a virus agent suspected to be present, has brought to light a source of fallacy 
in such investigations. Apparently normal animals may harbour a rims 
which only becomes virulent after repeated passages. Thus ‘ %inis IH ' of 
rabbits (Rivers and Tillett) was discovered as the result of repeated transfers 
of testicular material through a scries of animals, the original inoculation 
having been uath blood of rabbits which seemed healthy (Andre%ves and 
Miller), In the first passages no changes followed the injections, but in later 
transfers the intratcsticular inoculation produced acute orchitis and pjTCxia ; 
and intranuclear cell inclusions were found, especially in the macrophagw 
Otlier species of animals u’ero not susceptible. Similarly the salivary glands 
of guinea-pigs appear to contain frequently a transmissible virus whi^ wu^es 
a local mononuclear reaction and the formation of intranuclear inclusion 
bodies Intratcsticular inoculation of the virus causes similar lesions, an 
injection into the brain leads to acute meningitis Other examples wi e 
mentioned later. . 

In the majority of virus infections special intracellular structures 
been found — inclusion bodies. These are in some diseases restric ^ 
particular tissue, but in others they are present in the cells of 
In certain diseases the bodies occur in the cytoplasm, in 
intranuclear, and the)’ may be met with in both situations. jgjj 

greatly m size from about O-S /• upivard, and in the cytoplasm o a 
there may be forms measuring 1 to 20 or more. The c)*top as i 
bodies fend to stain mth acid dyes, but often they . j^^onstra- 

constituents. The intranuclear b^ies are eosinophda. ror j. jjann’s 

tion Giemsa’s solution or other eosin-methylene-blu? comoina , 
methyl-blue-eosin stain have been much used, they bodies 

the Feulgen reaction (the psittacosis and allied vruses, the 

excepted — Lepmc and Sautter) and do not cor tarn ’ thev yi^d 
oxidase reaction is negative, while on micro incinera bodies, 

ash (in contrast to nucleoli), but certain inclusions. 
contain calcium, ^'arious \ne>vs have been n Id as particks or 

inclusion bodies; it is probable that they* n presen reactive or 

aggregates of these surrounded by cellular _ jn accordance 

degenerative, and derii'ed from both nucleus and c> op 
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with the conception that inclusion bodies represent parasites ' cloaked ’ 
With cellular material they were at one time called ' chlamydozoa In 
the case of the Bollinger b(^ies in fowlpox, the disease has been reproduced 
by inoculation with one such body, whereas the fluid in which it had been 
washed proved non-infective (Woodruff and Goodpasture). In some cases 
by suitable methods the bodies can be shown to be composed of qimute 
granules, elementary bodtes, and these correspond to the minute bodies which 
may be observed m lesions as free structures, « g in tlie pox diseases In 
Certain cases, e.g the Negri and Goamieri bodies of rabies and vaccinia 
respectively, the cell inclusions are specific in the sense that their morphology 
and distribution are highly characteristic for the particular disease. But, of 
course, the virus may be present in matenal m which inclusion bodies cannot 
be demonstrated. Cell inclusions and elementary bodies have been seen to 
develop tn vitro in tissue cultures containing a virus These facts suggest 
that the filterable viruses are intracellular parasites, and in this respect they 
contrast with most of the ordinary bacteria While inclusion bodies are 
higlily characteristic of the action of viruses, it cannot be stated that these 
are their sole cause It has been claimed that they can be produced by 
various physical and chemical agents (see Fischmann and Russell), 

Certain virus diseases are practically confined to man ; among those 
generally accepted are smallpox, epidemic poliomyelitis, encephalitis lethar- 
gica and several other forms of encephalitis, herpes simplex (febrilis), herpes 
zoster, chicken*pox, measles, the common wart, molluscum contagiosum. 
trachoma, inclusion conjunctivitis, epidemic kerato-conjunctivitis, climatic 
bubo (lymphogranuloma inguinale), dengue, phlebotomus fever and other 
three-day fevers of tropical and subtropical countries, mumps, influenza, 
the common cold, infective hepatitis, and glandular fever In ali, over 
thirty human diseases have been ascribed to viruses Others which are 
common to man and certain animals are vaccinia, rabies, yellow fever, Rift 
Valley Fever, psittacosis, and several other forms of ‘ atypical ‘ pneumonia, 
lymphocytic choriomeningitis, and louping-ill. also various forms of 
encephalomyelitis 

In addition, a number of prevalent animal diseases are due to similar 
viruses — foot-and-mouth disease, the pox diseases of various animals and 
birds, distemper of dogs, swine-fever (hog cholera), cattle plague (nnderpest), 
African horse sickness, fowl-pest, vesicular stomatitis of horses. Borna disease 
of horses, infectious anxmia of hoiscs, pseudo-rabies of cattle, leukamva 
of fowls, cctromelia of mice, and sTinous others Swme influenza is an 
example of a ' complex infection where the combined action of a virus 
with a bacterium (B xnfinemae sins) produces a ses’cre disease, whereas 
each by itself has little or no pathogenic effect (Shope) 

WTiilc in most of the above diseases the esndence that the speciJu etio- 
logical factor is a filterable virus has been well established, in some cases il is 
not altogether conilusive or complete These questions will be discussed 
later 

A filterable causal agent w.is al ^ demonstrated by Rous m 1911 m cases 
of fowl sarioma, and has given nse to much speculation and discussion 
regarding the possible virus etiology of malignant tumours Though certain 
lesions which might be classified as simple neoplasms (virfe supra) have been 
found to be due to viruses m mammals, the only causal virus like that of the 
Rous sarcoma which has been disco\-cred in a malignant tumour of animals 
other than certain birda is associated with mjTComatosis of rabbits — although 
this may be a complex infection with two viruses (Shope) 

Le\aditi pointed out that a group of fiUcr-passmg \triiscs. c g tho-e of 
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rabies, poliomyelitis, encephalitis, v’accinia, and herpes, resemble one another 
not only in their general characters, but also in possessing in common an 
affinity for ectodermal structures — the nervous system on the one hand and 
the skin, cornea, etc., on the other. He applied the general term ectodemoses 
to the resulting lesions and regarded 
namely', neuroiropxc and dennoiropic. \ 
myelitis virus is classed as the most 

extreme of the scries is the vaccinia virus, being specially dermotropic ; the 
virus of herpes occupies an intermediate position, producing lesions both in 
the skin and central nervous system in experimental animals. It may be 
mentioned in this connection that, as shmvn by Marie, the vaccinia virus can 
be adapted to growth in the cerebral tissue ; thereafter this ' neuro-vaccine 
can be maintained indefinitely in series, and it then possesses a fixed v irulence, 
as in the case of the virus of rabies. Tlie work of Ledingham especially has 
shown, however, that cells of epiblastic origin arc not those chiefly affected 
by v'accinia virus, since the lesion is essentially an infective granuloma in 
which the reticulo-cndothcHal system is primarily and dominantly invohe 
As regards the pathological cflccts produced by neurotropic virus^, it 
must be emphasised that certain filterable viruses under natural con( i i^s 
produce diseases in man or animals in which the lesions affect cmefi) 
clusively the central nervous system. Also susceptible animals nhen in 
with these e.vperimcntally by inoculation at sites remote from the r 
spinal cord, as a rule develop similar lesions. Some other viruses, . 
little or no tendency to localise in the central nervous . 

brought mto direct contact, by intradural or 

exert pathogenic action locally. To all such viruses the , p^tho- 
has bean loosely appl.cd, Hurst 

logical basis for their classification as fol ons W disease 

as poliomyelitis, rabies, pseudo-rabies (in the monX )}, i-gjons being 
viruses. These attack directly and destroy nerve cefe 
secondary They reach the central nervous „?,vous tissue 

inoculation by the nerves of ‘he PenJ- ^hey ‘"“'j PA, disease is far J<1- 
■ind they do not appear in the blood oj !^^fsocteed ercent mlh l^se 

vanced Intravenous inoculation usiiallj ‘'“‘a " j ( febniis 

doses (6| The i,a„/rop,c ..ruses o-e type ^ a «>o« 

Im the rabbit) and pseudo-rabies (in the J ,-5 a srcornl 

ittacks cells of all the embryonic '’P' ...triCrf in i<e 

type, represented by yellow /ever and |n“r‘nS ■ disease, after 

a&t.es’: and ‘he nervous le.ons^^^^ -‘“t :t«^r W= "s.ohen s,-^ J , 
antibodies have appea 
blood-sucking arthrop. 

drcuirt.or“w The '«rrro/ra^e_.u«r^.J^“ brain prod"“ 

Ijmphograniiloma inguinale, whm lJ^MuWrf dire ^econdatj. 

primanly meningeal lesions and encephalitis- ‘ , 

Under natural conditions P™ exhibits the sair 


7;rsmtifii>v to virus diseases 


luceejiccpnaunsx' . . ^^eof 

se.xh.bits the same 

‘ ‘ ' —/..r-Vl k of 


winch is ol toriS 
er. etc . anil ‘“S 


duration, eg smallpox, measte. ^hoi.^h^„ „„ °r o»" 

result may also follow h-eeB’sth™ ‘h' m remfeO T ^d , 

the vaccinia virus , whereas ““aS of ihe viruses "hen m 

returns, e.g. herpes, 'h^ ^^^50 act as effective . acane 

or ' inactive < e non-infectne. state aiso 
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viruses are antigenic. But the devdopment of antibodies in the blood does 
not necessarily indicate active immunity. The serum of recovered or immun- 
ised animals may deprive the virus of infectivity, as proved by failure of a 
susceptible animal to develop lesions on moculation wth a mixture of the 
two The exact mechanism of the anti-infective action of the immune serum 
is not clear, however. It may sensitise the virus to the destructive action of 
the host's cells and body fluids or it may in some way ' neutralise ’ the virus 
The varying results which may be obtained according to the route by whicli a 
mixture of immune serum with virus is introduced into the body suggests 
that the mechanism of immunity is intimately related to the particular cells 
to be protected (see Sabin). Passive immunity may be conferred by injec- 
tions of the immune serum Sometimes fixation of the antibody by the \nrus 
in vitro can be shown to occur , but there may be a protective effect although 
it can be proved that the xnrus is not hilled tn vitro by the antiserum even in 
the presence of complement Flocculation and complement-fixation re- 
actions resulting from the interaction of virus and antibody have also been 
demonstrated in vitro, although the results base frequently been negative 
In investigating the identity of viruses from different sources, extensive use 
has been made of the specific anti-infcctive action of immune sera or their 
flocculating property , viruses whose infectivity is neutralised by the same 
antiserum or which are flocculated by it in similar degree, are considered to 
be homologous Where concentrated and purified homogeneous suspensions 
of the elementary bodies from the lesions have been obtained, as m the case 
of vaccinia and fowlpox, it has been shown that they arc agglutinated 
specifically by the sera of animals which have recovered from the respective 
infections or have been immunised with the corresponding viruses , normal 
sera lack this agglutinating action. Such serological evidence supports 
strongly the view that these elementary bodies constitute the actual infective 
agent Some viruses, « g that of vaccinia, contain multiple antigens Differ- 
ent immunological types may also be recognised, r g m the vmis of foot-and- 
mouth disease 

Jiiterjerence effects. It has been observed that the pathogenic action of 
a virus may be annulled by inoculation along with either the same virus (at a 
different site) or a modification of it or an unrelated virus Thus a susceptible 
monkey injected subcutaneously or intrapentoncally with virulent pantropic 
y cllow fever virus will surviv e provided it receives simultaneously or after an 
interval of less than twenty-four hours an injection of the neurotropic (» c 
modified) strain by similar route tHoskms) Similarly, a herpes virus which 
produces fatal encephalitis in the rabbit when inoculated either on the scan- 
tied cornea or into the brain, causes no ill effect provided that the corneal 
inoculation is followed by an intracerebral injection of the virus at an 
appropriate tunc during the incubation penod (Magrassi , Doerr et al ) 
lindlay and MacCallum iiavc shown, too. that Rift \'alley Fever virus, w hicli 
is imtnunologically unrelated to pantropic yellow fever virus, protects 
against the Ictlial action of the latter when a mixture is injected subcutane- 
ously or inlrai)cntoneany into susceptible monkeys Immunity reactions 
appear to jilay no part m the phenomenon Interference has also been 
observed with a mixture of different influenza vmises in the developing chick 
embryo A virus rendered non-mlective by uUra-violet radiation, is likewise 
capable of producing this interference Accordingly, it would seem that in 
order to effect interference the two viruses must have affinities for the same 
constituents of the host's cells (see Ziegler and Horsfall) A comjilcte ex- 
planation of these interference effects cannot yet be given. But they may 
account, m part at least, for the prophylactic action of Pasteur’s rabies 
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diffcreni it is necessar 

variations such as can also be demonstrated e\peii- 
mcntaily in the known vims. 

It is at present impossible to make comprehensisfi 
rcearding the nature of viruses ouin^ to their heterogeneous 
« Tc c crs. Certain salient features, howc%’er, will be mentioned. Viruses 
riginaliy attracted attention because of their pathogenic properties and it 
uas lound that the particular disease could be reproduced indefinitely bj 
passage tfirough a senes of Iiosts. It is beyond doubt that they increa'Cin 
le tissues. Accordingly, they possess a capacity of reproduction \\h5ch is die 
cruet attribute of living agents. In addition, they e.Yhib3t adriptation or 
tjon, i-.g. alterations in viru/encc; and they possess an individual specificity 
m the serological scn.se. But further analysis of their characters raises ^ 
question of what is meant by life, r.g. in the case of the smaller viruses 
appear to IiaY’c a mass of not more than several protein molecules ; aiso. soiuf 
plant virus aggregates are rods or ‘ erj-st ' 
very high molecular iveight (Stanley; 
ammal viruses have been proved to be of 

it is difficult to make such a homogeneous entity fit in uith current 

tions of life, winch involve a living object being an organised structure. 

the other hand, the larger viruses are but little smaller than the or in j 

bacteria, and in addition to protein they have lipoid and 

stituents, so that from the point of view of organisation 

as akin to the bacteria. But no virus is able to proliferate in the a se 

living cells . this is a feature which they share \ntii bacteriopha^s ( mc 

viruses ’). Further, no definite evidence exists of their possessing ^ 

functions Hence it has been conduded that they 

degree of parasitism, being practically entirely dependent for tn > ^sin(^- 

on the products of the living cells with which they are free 

in general, the evidence indicates that parasites have 

living forms, it is concluded that viruses must be . j so^ie, »haf 

bacteria. This view nould exclude the pttesibility.entertame 3 
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viruses can develop by spontaneous generation, a living thing being derived 
from something unlike itself fheterogenesis), or, to use a chemical expression, 
that viruses are the products of an autocatalytic process 'whereby the 
presence of the agent causes a substrate to be transformed into it {A 
process of this kind is exemplified by the part which certain zymases play 
m changing the corresponding zymogen into .the zymase.) However, this 
analogy does not take into account the way m which the original moiety 
of the virus could arise spontaneously in the individual host. Certainly 
there is no epidemiological evidence which requires the assumption that 
any virus develops de iiovo. The conception that vuruses are microbic genes 
also lacks an e.\penmental basis so far 

RABIES OR HYDROPHOBIA 

Rabies or hydrophobia is an infective disease which m nature occurs 
epizootically chiefly among the camu'ora, especially m the dog, wolf, jackal, 
and cat. Infection is transmitted by the bite of a rabid animal, or by a 
wound or abrasion being licked by such an animal The disease can be 
transferred to other species, and when once started can be spread from in- 
dividual to individual by the same paths of infection. Thus it occurs from 
time to time m cattle, slieep, pigs, horses, and deer, and can be communicated 
to man Cases of infection from man to man by bites are recorded, but the 
saliva in man does not appear to be so infective as in dogs It is to be noted 
that the virus is extremely potent, as cases are on record of infection taking 
place through an unabraded mucous membrane by the Jicking of a rabid 
animal, and the experimental application of the virus to such surfaces as the 
mucous membrane of the nose or the conjunctiva is oltcn follon-ed by 
infection 

In ttestern Eurnpc the disease is most frequently observed in the dog, but in 
Eastern Europe, especially in Russia, epidemics among wolves have been a serious danger 


common ,\ftcr a period of incubation of from three to sik weeks the first symptom 
noticed IS a change in the animal's aspect . it becomes restless, it snaps at anything 
which It touches, and tears up and swallows unwonted objects , it has a peculiar high- 
toned bark Spasms of the throat muscles appear, especially in swallowing, and there is 
abundant secretion of sah^ a the supposed special fear of water is due to dilTiculty m 
swallowing Gradually convulsions, paralysis, and coma conic on . and death super- 
venes usually about five day s after the appearance of s> mptoras In the paralytic form, 
the early symptoms are the same, but paralysis appears sooner The lower ja'v of the 
animal drops, from implication of the elevator muscles, all the muscli* of the body 
become more or loss weakened, and death ensues without any \ery marked irritative 
symptoms 

In man tbe incubation period after infection vanes from fifteen days to 
seven or eight months, or even longer, but is usually about forty days 
Wlien symptoms of rabies are about to appear, certain jirodromata, such as 
pains in the wound .and along tbe nert'es of tbe hmb in whicli the wound has 
been received, may occur This is succeeded by a stage of nervous imtability 
during w Inch all the reflexes are exaggerated There are spasms, esjx'cially of 
the muscles of deglutition and respiration, and cortical imtation indicated by 
delinum may occur On this follows a period in which all the reflexes are 
diminished, weakness and paralysis are observed, convulsions occur, and 
fin.ally coma and death supervene The duration of the acute illness is usually 
from four to eight d.iys, and death inx-anably results Rabies in man 
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sometimes assumes a para^fic form. This is usually manifested at first by 
paralysis of the Jimb m which the infection has been received, and of the 
neighbouring parts, and then the occurrence of widespread and prosresshv 
paralj'sis is the outstanding feature. In man there occur cases u here the 
cerebellum and also the sympathetic sj’stcm seem to be specially affected 
Among persons bitten by rpbfd dogs the incidence is comparath-ely low 
tn/ra) ; the death-rate after the bites of wolves is 80 per cent 
Here, however, it must be kept in view that, as the wolf is jiaturallv the 
mote savage animal, the number and extent of the bites, i.e. the number of 
channels of entrance of the infection into the body and the total dose are 
greater than in the case of persons bitten by dogs A peculiar outbreak: of 
rabies in Trinidad, taking the form of an acute ascending myelitis, was 
studied by Hubst and Pawan. Their observations indicated that the infec- 
tion originated from cattle, in which the disease was present at the same tlaio, 
and was transmitted by blood-sucking vampire bats A similar tjye of 
rabies infection in animals has been reported from Brazil. 

Pathological Effects and Experimental Inoculation. In rabies the appear- 
ances discoverable by an ordinary examination of the nervous sj'stcni. to 
which all sjunptoms can be referred, ore comparatively unimportant. On 
naked-eye e.xamination, congestion, and, it may be, minute hremorrhages, 
especially in the medallarare the only features noticeable. Microscopkalh, 
lymphocytic exudation into the perivascular lymphatic spaces in the nene 
centres has been obson'ed, and in the nerve cells \'arious degenerations have 
been described. Round the nerve cells in the grey matter of the medulla and ■ 
cord, Bab^s described accumulations of newly formed cells, and Van 
Gehuchten observed a phagocytosis of tlie ner\-c cells in the postenor root 
ganglLi and also in the sympathetic ganglia A most important feature, 
however, is the presence m the nerve cells of the structures known as 
Negri bodies and these will be discussed later In the white nwt ter. 
especially in the postenor columns, swelling of the axis cylinders and breakinc 
up of the myehn sheaths have been noted, and similar changes may occii 
also in the spinal nerves, especially of the part of the body * 

infection has come. The changes m the other parts of 
important. Apart from the presence of Negri bodies, thepathologicat . . ^ 
are sixniiar to tfiose in encephalitis due to various other vdruscs, 

Pasteur’s first contnbution to the pathology of rabies was o s i 
the most certain method of inoculation of an e\penmenfaJ anm . ‘ ■ 

inserting infective matter beneath the dura mater He found la ^ 

of any animal or man dead of the disc-ase, injection by ; Aj/j, or 

sions of any part of the central 
of the saliva, invariably gave r 
of incubation was shortened. 

Jytic forms was proved, as sometimes the one. some it t ' gfnal case 
produced, no matter which form had 

Inoculation into the anterior chamber of the eye ‘ ■Jl. the 

subdural infection, and so also is injection into a F P . jeads t» 

sciatic. Intramuscular injection into t,r iniravenoas m- 

infection in a high proportion of cases, intraperhf’wcal 

jection may or may not give nse to the disease, 
inoculation is very uncertain ;„frtrttnt{on has been aniun*! 

From such inoculation expenments jjody. Gauunc 

regarding the spread and distribution of t ® ^„)^,-fDrtbcwcn'Oii 

entrance by the infected wound, it chiefiv by spreading «P 

tissues. It reaches the central nen'oos system clucfiy { 
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periplicral nerves. Tins can be sho\%Ti b> inoculating an annual subcutane- 
ously in one of Us limbs with virulent material If now the animal be ktUed 
before symptoms have matufcstctl themselves, rabies can be produced by 
subdural inoculation from the ner\'cs of the hmb which was injected Further, 
rabies can often be proihiccd from such a case bj* subdural inoculation with 
the part of the spinal cord into winch these nerves jiass. while the other parts 
of the animal’s nervous system do not give rise to the disease This explains 
how the initial 55^1(110015 of the disease (pain along nen cs, parah’sis, etc ) 
so often apjicar m the affected part of the botlj’, and it probably also cvplains 
tlie fact that bites in such nc)j55’ ner%*ous parts as the face and head arc much 
more likely to be followed by rabies tlian bites in other jiarts of the bod\ 
The virus seems to have a selective affinity lor the salivary glands, as well as 
for the nervous system Kou\ and Nocard found that the saliva of the dog 
became infective three da\s belorc the first appearance of symptoms of the 
disease The blood is usually non-mfcctive. as are also the internal organ* 
except certain glands, e g the pancreas 

\\liik rabbits and guinc.'i'pigs have been exrensivefy used for inocufation 
tests with the rabies virus, it has been sliown that mice are more susceptible 
to intracerebral inoculation, d}'ing more quickly, a.ho such inoculation is 
more easily carried out m mice (Webster) Certain strains of mice arc 
jiarticultitly suitable for inoculation tests 

Rabies Virus. The caus.al agent of rabies can pass through the coarser 
Berkcfeld filters and also sometimes through the co,atser Chainberland filter* 
This IS shown by the fact that if an emulsion of any infective material {e g 
the brain) be thus filtered, the filtrate is also infective Endence that it is 
tho virus Itself which (lasscs through is found m the fact that w hen an animal 
dies after injection with the filtrate, a small portion of its central nerx’ous 
sjstem nil] originate the disease in a fresh animal The infective agent is 
thus placed among the tilterablc viruses Its sire has been estimated at 100 
to 150 m;* (Galloway and Elford) Cultivation m the developing egg has been 
reported (Khglcr el al }, but this has usually been unsuccessful Cultures 
ha\e been obtained m tissue-cultures of embryo bram with human or 
monkey serum The resistance of the virus to external agents vanes Thus 
tissue of the nervous system containing it may bo virulent even after the 
onset of putrefaction , U can resist the proloijgwl application of a tempera- 
ture of from —10® to —20® C , but. on the other hand, it is rendered inactive 
by one hour’s exposure at 50® C U is suscejitible to the photodynamic action 
of methylene blue and is inactivated by ultra-violet ray's It is also in- 
activated by phenol, ether, chloroform, an<i bile 

Negn bodies In 1903, Negn described as occurnng m the nervous 
system in ammals dying of rabies, certain bodies to which much attention 
has since been devoted and regarding the significance of which opinion is 
still divided Negri's observations have b^n fully confirmed, and the 
occurrence of these bodies may be regarded as speafic. The Negn bodies 
(Fig 153 ') can be readily found tn tlie affected nervous sj’stem by making 
smear preparations or sections, as desenbe-d below They vary much in size, 
measuring 0 25 to 25 i * , in the dog as a rule they are 4 to 10 /i. They are 
round, oval, or somewhat angular in outline They are found in the (iroto- 
plasm of the nerve cells and of their processes Wlten examined m unstained 
preparations, they arc seen to liave a sharply defined outline. Their exact 
staining reactions vary mth the method used, but they tend to be eosinophiJe 
They appear not to contain constituents which give the microchemical 
' l or the material Irom which this preparation -Has made ^^e are indebted to Lt -Col 
W r Harvej. IMS 
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reactions of chromatin. For the finer differentiation of the internai structure 
Negri employed Giemsa’s stain. With this stain and under high magnifica- 
tion the groundwork of the body is a pale blue ; in it there appear certain 
round or oval formations, single or multiple, of varying size, stained pink and 
of homogeneous appearance (grosse Innenformationcn). In addition, both 
inside these larger formations and in the general substance of the body are 
smaller red or violet-red granules, occurring singly or in clumps {kleine 
hintuformaiionen). Though the description given applies to Gicmsa prepara- 
tions, any eosin-methylene-blue stain is suitable for their demonstration. 

Negri bodies have been found m practically 98 per cent, of cases of street 
rabies in dogs examined by many observ'ers in different parts of the world 
They are also found in natural rabies in other animals, and are usually present 
in human cases. They are likewise seen in animals inoculated e.vpenmentally 
\vith street virus. Numerous control observ'ations on other to\ic conditions 


of the nervous system, especially those characterised by spasms, have been 
made, and the consensus of opinion is that the presence of Negri bodies is a 
specific appearance in nerve cells and justifies a positive diagnosis of rabies 

The bodies occur in all parts of the 
nervous system, but are specially. 
^ abundant m the cells of the 

S _■ , hippocampus major and in the 

Purkinjc cells of the cerebellum 
It is in the former situation that 

v r.' they are generally looked for. 

•t'rr*'’" ' They are apparently not so readily 

, \ ^ found, and at any rate the hrger 

forms mav be altogether absent. 
■*••**'*'**•"***"**"*""" in animals djing from inoculation 
<ai (b) with the fixed virus (vide in/ra) 

Fio US Negri bodies in hippiitanipu$ol rabid Hitherto they i 

dog Section stained bv eosin and methj tone bine certamlv found in the SallVarj 
A 1,000 (a) Two bodies within a nerve cell. nr caliva of a rabid animal. 

(6) a body showing internal structure. glattdS or SaJU a Oi 

In infections produced by 

fixed virus very small acidophile granules have been observed m 
numbers m the nerve cells (Manou^lian) , 

There has been great difference of opinion as to the true natu 
inclusion bodies Negri himself regarded them as protozoa. „ 

based upon their relatively constant and peculiar structure . nation" 

to such authorities as Golgi, did not correspond to any 
And the fact that the nerve cells in which they (p/oj/nattire 

evidence of degeneration, is also noteworthy, vgainsi t P 
has been urged their absence from the braiiV' of ^ 

virus, their non-discovery in the infected sal va, an corresiwnd to 

can pass through a filter Further, in appearance J met 

any known type of protozoal organism. mav be thcinfccti'c 

\sath the argument that the smaller vue\v k that the 

agent in its essential form, and a modification o jnvacion by 

body is the result of a cellular change Xegri body as an 

minute forms. iManouehan and \iala ^ the caiis.nl orgaius"). 
aggregate of minute elementarj’ corpuscles rep «ith other tnriu- 

which they have named E^^rephahiozoon R that they are 

Sion bodies of virus diseases the the nen'c celb. 

‘colonies ’ or aggregates of 

but the evidence for this is not conclusive (S 1 
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Prophjrlasas. UfitU the publication of Pasteur’s researches in 1885, the 
only means adopted to prevent the detclopment of rabies in a person bitten 
by a rabid animal had consisted in the cauterisation of the %voun/i ^ x 
procedure was undoubtedly not without efftd ' 
cauterisation within five minu*'''- ' ^ 

ing, and that tf done within h ^ ..uu ol the cases 

After this time, cauterisation i uie period of incubation , but. 

as. will be seen, this is a most imjioTtant effect Apart from caustics, other 
substances have been applied to wonntls with a view- to inactivating the 
virus, e.g. 20 jier cent, soap solution, tincture of lodme, etc 

The work of Pasteur, however, rciojutiomscd the treatment of wounds 
inflicted by rabid animals. Pasteur started with the idea that since the penod 
of incubation in the ease of animals infecteil subdurally from the nervous 
sj stems of rabid dogs is constant m the dog, the virus has been from time 
immemorial of constant stret^lh Such a virus, of what might be called 
natural strength, is usually referred to in his works as the virus of la ruge <fcs 
rifcs, m the writings of German authors as the virus of die StrasstciM Whife 
Pasteur's original statements regarding the constancy of virulence were 
probably accurate for the street dogs of Pans, it has been found that there is 
considerable vanation in virulence under natural conditions It is now usual 
to apply the term ' street-nrus ' to any rirus derii'od from an animal becoming 
rabid by the natural mode of infection Pasteur found that when the virus 
of la rage des rues was passed by subdural inoculation through a senes of 
rabbits or gumca*pigs, its \ifulcncc was cvaltcd for these animals till a con- 
stant strength (the iirws fixe) was attained— constancy of strength being 
indicated by the unvarying occurrence of paresis on the sixth day It may be 
noted here that the fixed iirus while of high virulence on subdural injection 
IS usually non-vinilent on subcutaneous inoculation , its neurotropism is 
apparently intensified Pasteur also elaborated a method by which the 
exalted virus contained in the spinal cords of rabbits could be attenuated 
This w-as done by drjtng the cords in air oser caustic potash (to absorb the 
moisture), the diminution of virulence being proportional to the length of 
time dunng winch the cords were kept Accordingly, by taking a senes of 
such spinal conls kept for x’anous penods of time, he was able to obtain 
vaccines of graded virulence He found that, commencing with the sub- 
cutaneous injection of attenuated virus, and following this up with injec- 
tions of more virulent matenal. he could immunise dogs against subdural 
infection with a virus which, under ordinary conditions, would certainly have 
caused a fatal result Pasteur then applied lumself to find whether the com- 
parativelj' long period of incubation in man could be taken advantage of to 
immunise against the disease and thus to produce active immunity before 
its gravest manifestation developed 

In the earliest case treated the first injection was emulsion of rabbit’s cord 
dried for fourteen dajs. and this was followed by injections of cord containing 
less attenuated virus Treatment was continued over nine days, the last 
injection being one of emulsion of cord dried for only one day, i e containing 
approximately vtrus fixe The patient never manifested the slightest symp- 
tom of hydrophobia Other similarly favourable results followed , and since 
then imraunoproph\IaMs has been almost universally adopted. It is prob- 
able that apart from the attenuation ja-oduced by desiccation, the rabies virus 
after repeated passage in rabbits becomes less sxrulent to man. 

A modification m the procedure was introduced later m senous cases, 
such as multiple bites from wolves, extensive bites about the head, and cases 
which came under treatment at a late period of the incubation stage In 
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these the immunisation ^vas expedited, an emulsion of cord of one dav’s 
(iDsjcration be 2 ng 3i7;ected on the third day of treatment. ' 

The method ustrf.in the Pasteur Institute of Paris is substantially the 
same as the ongmal method, though certain modifications have been intro- 
dueed '■egards the preparation of the vaccine, its dosage and virulence (see 
' Methods, however, vary in different institutes. The most impOTtant 
modifications whicJi have been adopted are {Ij the substitution by Hogvesof 
increasing concentrations of a fairly fresh virulent rabhifs cord tor eraulsions 
of cords subjected to decreasing periods of drjlng, and (2) the use of material 
Irom the bram and medulla of rabbits infected with li.ved wrus and the in- 
activation of the virus in these tissues with phenol (Semple) or ether (dlhi- 
satos, Henipt). It is difheult from the available statistics to make anj' exact 
conipjirisons among the different forms of vaccine as regards their relahre 
immunising value. Semple's method is now wdcly used It is stated that in 
cases treated by the modified methods, certain symptoms sometimes foUon- 
ing the original treatment, the gravest of which may be the occurrence of 
paralysis (' neuroparalytic accident '), are not so frequently observed. This, 
according to Han’ey and McKcndrick, may be due to the fact that a 
smaller amount of n€r\’e tissue is injected in the Hbg 3 ’es method and afso 
that phenol destroj’s the to.vic propert}' of nerve tissye. Stuart and Knk- 
orian, ilo^^•e\’er, Im\'e recorded such neuroparalytic accidents following the 
administration of phenoUsed vaccine. The)’ ad^’a^ce the theory that the 
nerve substance of antirabic vaccines contains a cytotoxin to ^Yh^ch certain 
persons arc peculiarly susceptible, but the causation of ncuroparab’sis is 
quite obscure 


pheiioJised virus-containing material with a specific aniiseiuiu iivutiN 
has also been shown that infected dog’s brain can be inactmted 
violet radiation, and such material under experimental conditions is a highly 


efficient immunising agent (Websters and Casals). 

The efficacy of rabies vaccination has been generally accepted ana e 
very low mortality in vaccinated persons fonder I percent.) appears ^ 
this method of pre\’ention. A number of careful statistical 


tms IlieUIK^U Ul I'lOCilHUii, n * J frnm 

subject have been published by AfcKendo'clc, the data being collectc 


institutes m different parts of the tvorld. In his review published 1 

records wc - tre.i(ed with various foms oi vac ^ 

among Eu 
per cent 

McKendrick was unable to establish any 

between the various methods of vaccination, no one being compared 

to another. At one time the low mortalitj' m > accinate 


with the mortality in untreated persmis, r S ' must of 


significant evidence of the value of -ipti who have 

course be remembered that many persons axe \a ^ 

been bitten by dogs not proved to be suffering • persons 

records of mortality in untreated cas^ have . further, the 

who may have been bitten by non-infcc ive n been 

recorded figures of mortality “^vacanat^ p the 

exceedingly variable, ranging from 1 or 2 per ce . * jn untreated 

.of any ^atisfacw sta^ if not 


lack in recent 3 ’ears o/ mukes it aimcu 

persons bitten by animals proved to be mfccte . . -gatjon. . 

impossible, to assess the tree evrk oS Hamy anJ 

Experimental evidence has been provided d> 
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Acton. Usmp nioiiKcv';. the}* obtamal si\ survj\aH ftmong Unrty-four 
uniiiuls hnmtinised before mociiJation, wlicrcas of an equal number \shicb 
eitlicr were untreated or rcceiml nonnaJ brain suspension before inoculation, 
only one «;«rvi\cd. It lias also been found by oUiers that \ncnne A,'ivcn in 
repeated large doses may protect against subvquent subcutaneous or intra- 
muscular injcctionof virulent vims (see Shorttrtn/ . CovcWctal , }\ebster) 
Certain workers !ia\c indicated. howc\cr. that it is difficult to protect an 
animal after it has been e*<(>oscd to infection Tlius m spile of the universal 
practice of • * * ’ ' .... 

cast on its 
(sec Tvhodt 

required than most of those at present available (t-uh- ^uprci) The% recom- 
mend the cvjUiatian of the virus to be used in prep.inng vaccine bv testing 
the lethal do<c on intracerebral injection of mice The immunising power of 
vaccines prepared from different strains of \irus was fcnind to var\ , m this 
respect the J’.istcur strain was sujienor to others tested 

Vaccination of dogs as a measure of control of the canine disease has been 
advocated an<I practised to some evtent, but tlic immunity produced is 
probably of cornp.arativcly short duration, aliout <iv months, and there is 
msufiicicnt evidence of the jiraettcal results of the procedure 

As has been seen above, I’astcur regarded the s'accine prophylaxis of 
rabies ns dcpemlmg on actnc immumsatmn .\n ’ interference ‘ effect 
(p. 5R3) between the fixed virus an<l tlic street \irus maj' explain the 
mechanism of the protection fscc Khodes) 

AAtlrabl«s f«rum. T«/ioni and tentinm aitcmwteJ wbios virus l)\ submitting it 
to peptic (heebUon, and tmniunwcH animal.* bi graduaih increawng strengths 

of suvh virus Ilnth prophs lactic and curative Is ncrc obtained cxpcnmenlaliv mlh 
the serum of the immunised aiumali Mane nbiauud a similar strum by subcuUncnui 
injection nt sheep willi i >riH /ire , this prcventwl (he fKCwrrence of the disease when a 
mixture with the struv waii injtcied into susceptible Anim.nW Thn scrum hrM,been used 
to supplement the ordtnarv I’asteur treatment I'out-r/ul virus neutralising antist-ra 
can be developed by* hypcrimmumvaiioii of sheep or rabbits by inoculation with 
phenoUse'l vaccines followed by the living viruv In guinea pigs and mice the thera- 
peutic effect of Such antiserum is most m.triKd when »t la injected intramusi-ularK at 
the same sue and immediately after inoculation with the virus (Habel) 

tiaboratory Diagnosis. Demonitration oj Segrt bodies 'I he suspected 
animal is isolated and kept under observation to ascertain whether tyjucal 
symptoms of rabies are present or develop It should not be killed for further 
investigation until it reaches the paralytic stage, av otherwise Negri bodies 
may not be demonstrable m the brain Survival for ten days, of a dog 
suspected of rabies infctton would contra-indicate rabies, as the disease 
is invariably fatal When the animal has been killed or has died the brain is 
removed. It is placed with the vertex uppermost, and the upper parts of one 
hemisphere are remov ed in thin horizontal slices till the anterior part of the 
lateral ventricle is reached The roof of the ventncle is then tut away with 
A probe-pointed bistourv , the hippocampus major is recognised as the later- 
ally arched ndge which forms the floor of the ventncle This should be trans- 
versely incised and thin slices removed for the making of smears and sections 
A portion should also be taken from the cortical grey matter of the cerebrum 
and from the cerebelhun Smear preparations may be made as follows a 
thin portion of nervous tissue is placed on a glass slide towards one end, on 
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methylene-Wire-cosin combimtion may be used, but Mann's stain or Lepine's 
method IS recommended. ^ 

Ammnl iiwailaHoi,. In addition to microscopic examination, a small 
piece ot the medulla, hippocampus ro.ijor, or cord of the suspected animal 
should be taken with aseptic precautions, emulsified in a little sterile 0 85 per 
cent, sodium chloride solution, and injected by means of a syringe beneati. 
tlic dura mater ot a rabbit. Material contaminated witli bacteria should be 
inoculated intramuscularly. In rabies in the rabbit, symptoms of paresis 
usually occur in from six to tnenty-tbreedays. and death in fifteen to lirenty- 
fi\e d.iys. In this way conclusive evidence is afforded of the presence of 
rabies infection in the suspected animal. Jdice may also be used for the 
inoculation test (t-nfe sitpra). 

\Vhcn the material for inoculation lias to be sent an}' distance it is best to 
l)ack the head of the animal in ice. The virulence of the virus is preserved 
by placing tissues in glycerol. 


PSEUDO>nABieS (MAD ITCH) 


This IS an acute infective disease occurrinff in sarinus animals, f g cattle, in Eniope 
and Amenca and charjclcnscd bj' intense itching Though named pseudorahres it 
l»enrs only a superficial resemblance to true rabies The disease has been studied by a 
number of workers (Aujesiky . Itcmlioger and liailly ; Shopc , Hurst; and otheis) 
The condiUon is highly fatal m some animals and runs a rapid course after a short 
incubation ponod, paral. ‘ "" vmxx. 

eter. may be variable 

in rats and from them .j - , „ , 

infected Histological changes are obsen'ed in the spinal cord and spmaj 
tliesc consist mainly of cellular degeneration The disease has been proved to be 
a filterable virus and can be reproduced by e.vperimental inoculation la * ® 

animals including tlie rabbit The virus has been distinguished from that ot raw s 
It IS present in the nervous system, internal organs, and m the blood ^ u 

through grad«i collodion membranes the virus parijcJes have been ^ 

100 to IfiO rmi m diameter TJic virus h.as beencuUivated m bssue cultures and cnj« 
embryo medium Immunisation of animals ynelds an antiserum which macm 
\ irus 


SCRAPIE 

Thrs IS a nrev alent disease of sbeep »n this country and Europe The 

period u remarl -• * and the onset is gradual 

consist ot nerv a » 
may be general 
a few months 

brain and spinal cord tissue intraccrebralJy and by ouiw j jjjg 

shown to be filterable The Mpcnmcntal transmissibiUty of the 

ability of the infective ag’c^tkJ^e also been demonstrtted 

the Animal Diseases Research ,\ssociation of Scotland (see uteig; 


EPIDEIffTC POLIOMYEIiinS 

While the occurrence of ‘infantile paralysis been knowu 

sudden onset, and affecting especially one or developments 

sin« the earliest times, it is only coincident wit -gej to be assocu- 

of neurology that the most prevalent tvpe has 5nedaUy coa- 

ted with degenerative and inflammatory change Tbough the dise^c 
centrated m the anterior cornua of the spina • g^d sometimes the 
chiefly attacks children, su^cts^re ako aftecte ^suafly 
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Sweden during the last century, but in other countries similar epidemics, 
limited or e\{ensive. have come under notice Thus in N’ew York in the 
sufnmcr oi 1907 an outbreak of jwbably over 2,000 cases occurred, 762 of 
which were carefully investigated by a special Commission, and it is from 
their work that much of our basic knowledge of the disease has been derived, 
and many facts regarding its infective nature have been definitely estab- 
lished An ei'en more serious epidemic took place in Xcw York in }9)6 and 
major outbreaks were recorded in 1931 and 1913. 

Cimicatly. the ensot of the condition is marked by more or less pronounced fever 
with general malaise and symptortis suggesting infection of the upper respiratory or the 
gaslto-intestma! tract and* followed after a feu da)'s b> signs of muscular paresis or 
p.iraijsis , as a rule, in only a relatnelj small proportion of cases does death result, 
though there is a great variation m themortahty indifferent outbreaks When recox erj 
occurs, many of the paraljlK symptoms may pas? off, but generally there remains 
evidence of defimte permanent injury to the motor fuocttons of. the nervous system 
The early lesions consist in alotal t>rgencraUeptontemnRitisv.ith pronounced emigration 
of poIjifKirphonucJcar Jcwcocttes and Ijmphocytes into the perivascular space*, the 
existence dI which is reflected in the appearance of such cells m moderate numbers m the 
cerehro-spmal fluid In the later stages the cells present are mainly l> mphocytes In 
the co«l the iniUminatory condition is usually marked m relation to the artsrtoles of 
the antenor commissure, especially m the cervical and lumbar tcgtotis, and thence 
passes along the vessels into the aotenor comua. «.hich show intense hypera^mia with 
cellular infiltration of the perivascular spaces, and ultimately thrombosis or rupture of 
the vessels may result The nerve cells may undergo degeneration and necrosis and 
brewne the prey of neuronophages, and serondary tnotnr nerve degeneration may follow 
Such a pathological picture, however is not confined tothegrev matter nor indeed to the 
cord, as SiRilIar changes have been observed in the brain The recognition of this has 
widened the whole conception ol the disease, and various clinical types besides the classic 
anterior poliomyelitis ate now recognised These depend partly on variations m the 
seventy ol the conditioo, partly on the disease being concentrated m a particular part 
of the nervous system These lest common types probably include many cases described 
as the acute ascending paralysis of Landry and acute bulbar paralysis, cases character* 
ised by acute meningitis or encephalms. cases of rapidly developing ataxia, and even 
cases simutacidg peripheral ncuntis It has been supposed that the death of nerve ceils 
IS a consequence of interference with their nutrition followntig the vascular lesions 
described above But according to Hurst and others, if monkeys infected with a highly 
virulent virus arc examined at a suitably early stage of the disease, marked degeneration 
ol the nerve cells can he demonstrated without any associated v ascular lesions or cellular 
exudate Accordingly this it to be regarded as the initial lesion 

Eiperuneatal ’Itsuvsnussion. The mJectivity oi the disease was estab- 
lished by the work of Landsteiner and Popper in Vienna, who in 19U9 suc- 
ceeded in producing the disease m monkeys by the intrapcntoneal injection 
of an emulsion of the spinal cord ol a child who had succumbed on the fourth 
day of illness Similar observations were made in the same year by Flexner 
m New York, who found that if for intrapentoncal injection intracerebral 
inoculation was substituted, positive results were more unifonnl)' produced, 
and the brain and cord of the infected animals were infective for other 
monkeys, the incubation penod being from four to thirty-three days Both 
anthropoid apes and lower monkeys, Hacacm rAasns, arc susceptible, and 
the conditions resulting from inoculation are climcally and pathologically 
identical with those observ ed in man It has been found that Macacus cyno- 
molgtis IS specially susceptible to direct inoculation from human cases 

The infective agent is readily filterable through the vanous filters whidi 
arrest bacteria, but m infecting monkeys from a human case it is advisable to 
commence with an unftltered emulsion of the central nervous system, for 
filtered emulsions possess much less virulence, however, after passage 
through a few monkeys it is found that filtration has little effect in diminish- 
ing the number of successful inoculations, the virua being now so potent that 
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«J«»lsion of material from the central nen-ous sysiem 
m distilled \\ater will produce the disease when injected into the brain/ The 
disease can be originated by subdural and intracerebral injection, and iso by 
introduction into the sheath of such a nerv'e as the sciatic. When a nerve h 
injected, the paralytic symptoms usually first appear in relation to that part 
of the cord from which the nerve emerges. Infection has also been produced 
by scanfying the mucous membrane of the nose and rubbing the \irus into 
It, and even by simply injecting it into tJie nasal cavities J/acacits cytw- 
inolgiis has been successfully infected by swabbing the pharynx \nth nrus- 
containing material and also by feeding. The intraperitoneaJ, intrathecal, 
cutaneous and subcutaneous routes can also-be employed, but to cause the 
disease by intravenous injection large doses must be administered. When 
different strains have been compared, some have proved more virulent on 
inoculation by the intracerebral route than by the nasal of cutaneous, 
whereas with others the opposite has been the case. 

Monkeys are the only animals which have been regularly and successfully 
infected b}' transmission of the vims directly from the human subject. After 
passage in monkeys certain strains have been successfully transmitted to the 
cotton rat and after further adaptation in this animal have been transmitted 
by intracerebral inoculation to white mice (Jungeblut r/ ah). Adapta- 
tion to rats and mice is associated with loss of virulence to monkeys. 
Jungeblut and his co-workers have also succeeded m adapting a strain to 
guinea-pigs after passage in cotton rats and white mice, a paralytic disease 
resulting in the inoculated animals. More recently it has been reported 
by Durand that the Syrian hamster and certain local rodents in Tunisia 
are susceptible to expertwental inoculation with the pohomyehtis virus. 

Properties of the Virus. The discovery was made independently by 
FJe.\ner and Lewis, and by Landsteiner and Levaditi. that the virus could 
pass through earthenware filters {e g Berkcfeld V or K) and it , 

♦h/' .leont must be very small. Observations by Elforc an 


embryo brain and that after serial cultivation in cms» , 

a monkey could be produced by inoculation with the culture a 
Olitsky have obtained groufh i/i tissue cultures consisting of c,n 


system of human embryos . . , . l,,-. i-Mnev. 

(By using a medium of ascitic fluid containing a ® , ■eJoboid 

Flexner «ind Noguchi reported the cultivation frotn the disease 
bodies’, 0-2 /t in size, and considered these to be Lyg not 

above, the virus is of much smaller dimensions and these i i 
been substantiated ) . ..^pt frozen at 

The X’lrus withstands glycerolation for yea; ^nU can i fo j ? per 
-2^to -4°C without beiig affected It als- 
cent phenol for at least five days , it is, howi ver, ki 
50° to 55° C. for onc-half to one hour .-nnrnhtion method the 

Pathogenesis of the Disease. By means of the ■ been 

distribution of the virus in the natural and ra«es. The vinis is 

determined and has been found to be similar m ,j / brain and spinal 
markedly neurotropic, and is highly concentratcil i /-gsserian gangb^^' 
cord It also occurs in the intcrv’ertebral gang uafl of th® 

and in the abdominal sympathetic gangha . * . ^ mesenteric 

ohar\'nx. the mucous membrane of the smal ihn nose 


ph3r3'nx, the mucous membrane 
and in the stools. It hasalsobeei. - -- 
it may be present in the pharynx during i o 


and'in the'stoois. h has also bMn llic » 
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tends to persist in the stools for long periods, even for weeks or months 
(Trask and Paul). It js usually absent from the blood, cerebro-spinal fluid, 
and ^)ri^e. 

Flexner’s views of the pathogenesis of the disease may be summarised as 
follows Infection takes place through the nasal mucous membrane, a 
catarrh of the buccal and nasal cawties being often the first sign of the 
disease. In monkeys inoculated intracerebrally the virus is eliminated into 
the nose, and the nasal mucus is infective in human cases When an indi- 
vidual IS infected by the inhalation of vinis-contaming secretion droplets, the 
virus gains access to the brain along the olfactory nerve route , thus, wlien 
monkeys are inoculated by painting the mfectiv’e material op the nasal 
mucosa, the olfactory lobe becomes infected before other parts of the brain 
This findmg, as well as the size of the dose required to produce infection by 
intravenous injection, militates against the possibility of the virus being 
carried to the central nervous system by means of the blood under natural 
conditions There is also evidence from cxpenmental intravenous injections 
that the choroid plexus (which is the source of the cerebro-spmal fluid) so long 
as It is uninjured, g by inflammation, prevents the passage of virus into the 
subarachnoid space It has been found that m monkeys recovered from the 
disease, the nasal mucosa remains infective for many months after the virus 
has disappeared from the central nervous system, and it has been established 
that in man there arc chronic earners such as exist m other diseases As m 
other conditions, the earner may not himself suffer from the eflects of the 
infective agent which he carncs Further, the occurrence of abortive cases 
may constitute a means by uhich infection is maintained m a community 
Such abortive cases are probably fairly common during epidemics 

As has been indicated, Fle.xner and his associates brought forward 
evidence Irom their experimental work (hat the virus is present in the upper 
respiratory passages in casts and carriers and may be discharged from the 
bouv of infected persons in the secretions of the nosc and throat and, more- 
over. that infection takes place through the nose Recent studies of the 
disease, howexer, have tended to emphasise the importance ot infection by 
the alimentary tract Thus, the virus is readily found m the stools of cases 
and also contacts, and it has been recovered from seivagc There ts also evi- 
dence that it may be earned by flics The possibility has to be considered of 
its being transmitted by milk and other food matenaJs There is no definite 
proof so far that the infection is water-borne, though the xariis may survive 
for long penods m water UTulc infection maj be spread by secretion 
droplets from the upper rcspirator\' passages and while the virus may enter 
by sanoiis avenues including the nose, tonsils, and pharynx, the evidence 
ai-.o points to the intestinal tract as a likely porta! of entry and to the 
spre.ad of the disease by the same processes as intestinal infections like entenc 
fever and dvi>entcry Pharyngeal and tonsillar infection cannot, however, 
Ive excluded and it is well rcci^niscd that tonsiUeCtomy m.xv precipitate 
an .ittacK of the otherwise uncommon bulbar form of the disease Hie 
question anses as to Avhat part hcaJthj* earners maj' play m spreading the 
inlection fbcir importance is emphasised by the recent finding m intcr- 
cpidcmit periods of tho sirus in tl»c throat or stwls of children wlio had no 
kti<»wn < ontact with cases and who did not develop the disease in the ensuing 
Xcar < ibsorvalions in which a contact with known cases could be precisely 
trami h.nve indicated that the infective period extends from five days before 
to fise d.«vs .vftcr the onset of syxnptoms and that the incubation penod is 
as d rult '5 to 2t> da\ s. at eragtng 12 tUys {{(owe and Boiii.nn ; KesseJ and 
MiKire , Oordon rf rt/ ) 

35 
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intestine the virus probably reaches the raetlulla 
?"? “'■d by cranial nerres and by sympathetic and parasympathetic nenes 
thenre bo‘ al ‘''“J ‘''n ">?>’ Pnss into the meLferic flan* and 

b b erb ^ lymphatics of the spinal nerves. Faber and 

fo nniWW If “ ‘ i«?lolo^ca! study of nerve tracts in fatal cases, have 

found that the most consistently affected pathway was the trigeminal nerve, 
lesions being present in the Gassenan ganglion and its central connections 
Such findinp would suggest that the pharjT,.v is a common avenue of 
invasion and this would be compatible with both respiratory and alimentary 
infectjon ^ 


All the facts point to the importance of the part played hy the nerves }n 
the passage of the causal agent to the central ner\'oiis system. This is con- 
fined by the series o/ cases reported by Leake in the United States, where the 
disease followed inoculation uith a living virus given for purposes of immun- 
isation. In ev'ery instance the lesion first developed in the spinal cord at the 
level corresponding to the limb into which the material had been injected. 
The e.vact route by which the vims is transported in the nerv’es — whether by 
lymphatics, which seems unlikely on anatomical grounds, or in the axis 
cylinders — remains unsettled. While the virus may be said to be neuro- 
tropic, the term must be used in the sense that all the elements of the nen'ous 
system— pia-arachnoid. gUa, interstitial blood r'esseJs, as iiell as parench}- 
matous cells — are affected. The pathological anatom}’ of these structures 
has been described above. Intranuclear acidophile inclusion bodies have 
been described in the nerve cells in human cases by Hurst. In monkej's 
they are seldom seen, apparently owing to the rapid occurrence of necrosis 
of affected cells. 

It IS to be noted that there is a periodicity in the incidence of polioni}^litis 
in an epidemic form. As bearing on the explanation of this, Flexner, Clark 
and Amoss record the case of one strain of the virus the virulence of u'hich 
in monkeys was at first low, and then rose to a ma.ximum which was 
tained for three j'ears ; this phase was succeeded by a decrease m in/echvity 
in a few months, without apparent cause. It is obvious that this fact is n 
only of importance in relation to poliomyelitis, but is suggestive as bearing 
the periodicity of other epidemic diseases 

In regard to the epidemioJogicaf problem it tsoi interest that a 

• ' ■ - - m which there ^cre c^es 

5ted from 
d its con- 


otfsena- 

vection to the human subject D> ij«e 4.JUGMI... .V.. . ..nav 

tions IS (ionbttui, but the question ot an animal reservoir of infection y l 

m viirN> of recent work on epidemic encephaims Theilcr 

of mice, first the same 

lomjelitis virus It « svstem. 
Id in the central 
n the anterior m 

which overt signs of the disease OGCui, ^^n'^n^^tinaUontMits 

form The i inis is present m the wah of the i"*”**"^ its 

the\irusof this mouse disease »s qmte distinct from t p the 

to the Utter are o5 particular interest and. as Bumct (U4aJ sugs 
may have a common evolutionary origin. 

Immunity. Though cases of a secoi^ mainly demed 

arc extreme}}’ rare, our knowledge r^rding ii , 35scd fJirough an 
from animal c.xpenmentation. Monkc>« whtcl ; but definite 

. ttack of the disease are insuscepUhle to i 
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disease manifestations are app.\rently essential to the establishment of im- 
munity, as animals which have at first yielded negative results are usually 
susceptible to a second inoculation Both m man and in the monkey the 
serum of a recovered case contains substances capable of neutralising or inac- 
tivating the virus, for if such serum be mived with virus and incubated for a 
time at 37‘ C. the mixture becomes inoperative on intracerebral injection into 
monkeys The antibodies persist in the serum m man for many years after 
an acute attack ; and they pos'-ess this further significance, that they maj’ 
he found m the so-called abortive cases where a transient illness with httle or 
ho involvement of the nervous sv'stem occurs The only definite evidence 
that such a condition is due to the virus of poliqmj'elitis lies in the tact that 
subsequently the serum has the capacity of neutr^ismg the virus Accord- 
ing to Jungeblut the antivnral property is more frequent and more abundant 
m normal individuals of blood-group B than m those of the other groups 
Moreover, doubt has been thrown on the view that the presence of those 
antibodies in human serum necessarily syjtuftcs cither a prevnous infection 
with the virus of poliomyelitis or confers protection Thus Burnet (1910) 
observed in an epidemic m Australia that some children whose serum 
initially had a considerable antibody content nevertheless developed 
paralysis . also the antibodies did not increase m the course of the illness 
Again, a number of patients and contacts observed over several months 
showed no increase of antibodies in their serum 

Not only has an immune scrum neutralising properties fit vttro, but it has 
been shown experimentally to have a certain etfcct in vno when introduced 
intrathecally into monkeys previous to intravenous inoculation But Howe 
and Bodian failed to protect chimpanzees against inoculation ptt os by 
giving repeated intrapcritoneal injections of hyperimmune monkey serum 
Trask and his co-workers on comparing the immunity produced by a number 
of strains, have found differences Strains isolated from the same epidemic 
appear to be more closely related immunologically than tliose from different 
epidemics The experiments of Fairbrothcr and Morgan indicate that it 
mav be possible to obtain antiviral scrum from actively immunised horses 

The scrum of recently fecoiercd human cases lias been injected for 
therajjcutic purposes into patients suffering from poliomyehtis (especially 
dunng the first forty-eight hours) m amounts of 35 to 120 c c , administered 
both intrathccallv and intravenously Early reports suggested tliat paralysis 
wa' arrested by tlie treatment , but extended cxjwriencc tn Amenca and 
Europe has not confirmed its v'alue Flcxncr and Mewart .iKo recommended 
a sulHutaneous injection of convalescent serum as a prophvlactic measure, 
th*’ dose being to to 20 c c according to age, and repeated four to six weeks 
kiicr if rcquire<l 

It fia- been stated bv Kraus that if virus which has been lompletch 
true tivated, t e bv plienol, i> mjci tid into mnnkevs tliev drvcluji resistance, 
but liic gt’iKTal exjKricnce is Chat ‘ 'lead ' virus faiK to immunise 'steuart 
•mil Hfio.ids have finiml that m lUonkevs a con-tdctahlo ilegrce of jiroltf lion 
against mtra' crebral moLulation tn.i\ lit devciojwd b\ a series of intradcrma! 
inps lions of die living a- (ive virus Actonlmglv the ii-o of v mis atuiiuateij 
bv v.inoiis me in-, -ui li as treatment with formihti or -'Khiiin re inohMte. fus 
liciti irl\<i(at('d llies<‘ jirrjiirations arc nns.»fc however as Leakt lias 
rejxtrnd twiKe la-es in wlinfi an attack of |>oliijmvehu- followed their n-e, 
|)ir.ilvsi> tx.umng nsuaflv .il>«jt si\ to Courtec n cKivs after the imtuJ 
injcs iKui 

fin- !ne> li.ini'in of ji<juirvd immunitv to ptj}i(»ni\ilitis virus is -til) lo a 
grt.u cvieni olw. urc. however Howe and IhKiian {I'unted out th it ihcdcgrtf 
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of immuohy following an attack in monkeys depends greatly on the e-vtent 
to which the viras was disseminated in the first instance. They have su-- 
gested also that jn man immunity results from processes which prevent 
efiective amounts of the virus from reaching the central nervous S 3 ’stem. 
Experiments of Rasmussen and Clark support this vien-. They inocubted 
a series of susceptible monkeys and also animals ,which had recovered 
from an attack, by applying a concentrated suspension of virus to the 
proximal end of the freshly cut sciatic nerve. It was found that in four 
out of five control animals the virus was present in the spinal cord after 
three to five days, but it could not be demonstrated in the cord of an)* 
of the immunised animals. 

Interference. A strain of poliomyelitis virus adapted to mice and no 
longer pathogenic for monkcj'S, is able to prevent the development of disease 
in the latter animals when injected intraccrebrally along with a nruJen t strain. 
Further, an intravenous injection of a suitable dose of the non-vinilent virus 
given to monkeys at an appropriate interval either before or after iatmcerebral 
inoculation with the virulent strain prevents the pathogenic action of the 
latter. The mouse-adapted virus loses this interfering effect after heating at 
75'‘ C. (Jungeblut and Sanders). 

Laboratory Diagnosis. The fact that poHom^'elitis appears under a 
variety of clinical tj'pcs makes the diagnosis difficult in manycases, particu- 
larly of mild illness This is specially true of the meningitic t^-pe, which may 
be difficult to distinguish from epidemic cerebro-spinal meningitis, especially 
as the characters of the spinal fluid in the two diseases may be somewhat 
similar, and, as is known, it may often be difficult to isolate the meiitngO' 

■ certain means of diag* 

iJnal cord removed wth 


1 to 2 c c. of 
toms develop 

inoculate another monkey ; othei^vise recovery oi tiie mst 

occur and the virus is lost (Portions of the central nervous 

placed in 33 per cent, glycerol for transmission to a the , 

Trask (1941) have described a method for demonstrating the u 

stools by inoculation of a monkey and this procedure maj 

previous iolecnoo the demonstration 
antibodies in the serum can be carried out by and 

strain of virus, the protection test being made m mic 

‘^”cas™”teve occurred where the diagnosis the 

the paralytic type ol rabies, and w ‘h' ‘ ’,1® „stj,utc the 
susceptibility of the rabbit to the latter diseye would eonst.tut 
means by which the diagnosis conld be arnrea at. 

EBCEPHAUHS , 


One of the most extensive was tt“.‘ ' ,.ff,,„„„shaveoieu.— ^ 

lethargica is apphed. But inoculation, as well asint 
in the susceptibility of animals to experimental 
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clinical features and the anatomical changes. We have, therefore, to deal 
ivilh a group of infections. Similar diseases also occur naturally among 
animals. Further, certain \dmses which do not ordinanly produce encephal- 
itis in man, may do so in e.xpcnmental animals under suitable conditions as 
to \irulence and route of inoculation It should be mentioned here that in 
rare cases of encephalitis in infants minute granulomata have been found in 
the central nervous system which contained Toropiasma-hke bodies {q v ). 
The infection is thought to be acquired i« utero 

Encephalitis Letbargica 

Dunng the spring and summer of 1918 a number of cases of encephalitis 
occurred in Bntam which were characterised clinically by lethargy and 
drowsiness, often passing into coma, with moderate or no rise of temperature 
A great vanetyof nervous symptoms were recorded— headache, epileptic fits, 
spastic phenomena, ascenchng paralysis etc. — but the most common and 


marked subdural esdema. Meningitis Nvas not a marked feature and, when it 


collections of these cells in the substance of the brain The lesions affected 
especially the pons, medull.n, and mid-brain . degenerative changes in the 
oculo-motor centres were recorded The occurrence of ophthalmoplegia 
suggested at first that the condition was botulism, but the symptoms of the 
two diseases did not othennse correspond and no endence of botulism was 
obtained It was also suggested that the condition might be poliomyelitis of 
an aberrant type, but the findings differed m certain respects from those of 
the cerebral cases which have been obsen'ed during epidemics of pohomj'ehtis, 
and, further, there was no evidence of a concurrent prevalence m Britain of 
ordinary poliomyelitis It is noteworthy that in encephalitis the cellular 
mfiitrations in the brain have been found to consist mainly of Ijiuphocytes, 
while neutrophile polymorphs are rare, whereas the latter cells are numerous 
in the corresponding lesions of pohomjclitjs In support of the separate 
identity of poliomyelitis and encephalitis lethatgica was the fact that the 
serum from recovered cases of the latter disease was devoid of anti-infectivc 
action on the virus of poliomyelitis The condition was not confined to 
Bntam, an outbreak having been recorded in Austria during 1917, and in 
France m 1918 and the disease became widely prevalent m vanous parts of 
the world The bactenological findings were as a rule negative The disease 
was specially prevalent in urban districts and showed an increased incidence 
dunng the first quarter of the >ear, which contrasted with the seasonal 
prevalence of epidemic poliomyelitis 

The infective nature of the condition has been generally accepted, and 
attention has been called to the occurrence of mild or ambulatory cases 
This has raised the question of infection being spread by ' earners as in the 
case of epidemic iJohomyehtis It has been suggested that the infection 
atnvun is the upper respiratory tract The corvditwMi of so-called ‘ epidemic 
hiccup ’ has abo been regarded as a manifestation of epidemic encephalitis 
\fter I9il the incidence of the disease steadily declined 
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EMcnsivo mvcsligalions liavc Ijccn made into the nattire of the infeciion 
but so far tvnliOTit condiiavc results. ..\s a resc.lt of certain e.speriments in' 
tihicU cnccpbalitis lias been reproduced in animals In- intracorebral inocula- 
ton with mater, at from the human disease (vid€ mfra). the causal aeent has 
been regarded as a f.ltcrabjc vitas ; hut most attempts to tian-simt tlic 
disease to annuals have failed. Various iiorbcrs have observed minnte 
granular structure.s (Da Ifano's ‘ nirmile bodies ') situated intrarellnlarfe in 
the icsion';, similar to those (lescribed in c.Kfjcn'mcntal herpetic encephalitis, 
1 hQUf'li It has been sug^'estecl by some that these cell inclusions represent 
the others, f.g. Cowtlrj' an<l Kicholson, have regarded them as merely 
ccll-derivalivcs. In ti»c interpretation of the results of expenmontai 
transmission of the disease to laboratory animals, a serious fallacy was brought 
to natne^y, the occnrrence of spontaneous encephalitis in certain of 
these nnirnais, e.g. rabbits and monkey’s, from which they may recover, 
though the histological lesions, in the form of roimd-celJ infiltrations, my 
persist for some time. 

In iU20 I,c\acliU anU lUr\i«T n-portctl that they had transm/tftd c\penmentaJJy the 
Virus of cnccpbalif IS JclharKica anti <ifm<>nii(r.-)tcfl its pathogf/ncily for certain lalwratory 
ammaf-j. eg rahtnts, the /i*»ioiis bting the same as in the human subject, and similar 
reauUs were rcjKirtid li> Mclntosliand others Thej claimed thatlt uas hherable, anS, 
Jihc ctrlaui other \ Iruscs of this nature, could lioprescn’cd ingb ccrol, and concluded that 
« It %\as uonscyed to the cerural nervous sv'stem by cranial and other nene routes, but 
was nut pcuhoKctuc if injected sulx.-utancously. intravenously, or intrapcntoneally. 
introduced into the trachea or stomach. Afclntoshand Turnbull in the samej ear claimed 
to have rcprcxluced the ilisra-e in a J*atas monkey by combined subdural and iRtrs- 
peritoneal inoculation of filtered emulsion ol tbc ccrvic.il cord, pons, and basaVnuchi 
from a fatal human tnve The anim.il developed convulsive attacks and ultimately 
became lethargic and died on the fifty-sixth day The microscopic lesloas jn thewaiii 
rcbvtnWvxl tho-e in the human di'ca«e From the monkey McIntosh transTftUVfd tw 
infv'ction to other monkeys and also to rabbits— .nil acute fatal disease, however. 
develiijiinK only in the latter ft may he said that the successful transmissions to aoimais 
« Inch fiav c been rcportcil are \ cry lew in proportion to tht Iwlvstcs l.ffvaditi anu 
cti-vvofkirs have shown that the viruses, isolated bv them from cases of 
nrodiKu a charavieristic tf.xin of xjmptoms which are identical with those pr^R J 
a ncurotrnnjc ^lra^n of the herpes virus Further facu of tmppottance are t a 
viruses also produce herpetic keratitis in rabbits, and that, os shown by * . , 
cross-immunit) o\pennicnts, the virus of herpes ftbnhs ami the suppose e 
Mros are altal’cal It >a vmtlvv ot vata ttol ntvvtt aad pwdored '"'J"™'" 
in rabbits bv intr.vcerebr.il injection of the cerebro-spmal floul from a c v ^ 

syphilis which sliowed no evidence of encephalitis It «eems a,stnl?ut«i 

svrw'i. utuloubtedly widely prevalent, may sometimes ^onsideratioD, 

in the tissues and fluids of the bixly Thus, if all the facts arc , encephalitis 

the possibility must be considered that the virus recover^ from the human 

Icthargica was the herpes virus The view that encephalitis accepted 

subject arc merely manifestations of the action of kpeninenfa! 

on the evidence av ailabic .yccordmg to McIntosh and T . ,, , encephalitis 

disease which they produced, the lesions consisted of anon-pur _ , — ,,.4 


encephalitis lethargica 

If we exclude as inconclasivc the experiments iesions 

disease in the inoculated animals has been the fin & , ,, j^j,nt,t e/iccphafius 
the bram (vrrfc tupra], then of the many attempt • successful 

itb matenal from the human subject vety ^.i. uave aho pro^■t^ 
ttempts to cnltnMte the vinis by various met unsolved 

isncccssful Thus the etiology of the condition s is 

oblem. and though it may be regarded as probab!> clue 
intine. 
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St. Louis Encephalitis 

An extensive epidemic of encephalitis occurred m St. Louis. U S A , in 
the autumn of 1933, the highest madence and mortality being in middle-aged 
and old people The lesions lesembled those of encephalitis Icthargica, but 
at the beginning of the epidemic especially, wete more severe and more exten- 
sive in the brain and spinal cord Macacti^ rhesus monkeys were infected by 
combined intracerebral and mtrapentoneal inoculation with emulsions of 
brain from cases, but were not highly susceptible, and the infection tended to 
die out after several passages. The lesions m monkeys resembled those m 
man Mice proved susceptible to intracerebral or intranasal inoculation, and 
after an incubation period developed acute encephalitis which i^as fatal m a 
few days Passage through mice could be continued indefinitely Rabbits 
proved to be msusreptible The serum of convalescent human cases or 
monkeys possesses the power of neutralising the \nriis, as tested by inoculat- 
ing mice with the mixture liy such protection tests neutralising antibodies 
were demonstrated in 30 {ler cent of sera from inhabitants of a number of 
American cities , on the other hand, only 9 4 per cent, of 1 13 normal controls 
without known exposure to the disease possessed antibodies (Woolcy and 
Armstrong). Thus a wide distribution of the virus was indicated It was 
shown also by protection tests that the disease is immunologically distinct 
from pohomjciitis, encephalitis Icthargica, and forms of post-mfective 
encephalitis The virus is related, however, to those of Japanese B encephal- 
itis and West Nile enccphabtis {vide tu/ra) It measures 20 to 30 mu (Elford 
and Perdrau) , it can be preserved by freezing, but rapidly becomes inactive 
in 50 per cent glycerol It has been cultivated m the chono-allantoic 
membrane of the embryo chick and in a medium containing brain tissue 
from the embryo mouse 

The evidence now available points to the transmission of the virus by 
blood-sucking insects and other arthropods, eg mosquitoes, such as Culex 
tarsalis and Culex pi[)iens. and the virus has been isolated from naturally 
infected mosquitoes There is also serological evidence that the infection 
occurs m domestic fowls and it has been shown that Cttlex tarsalis can acquire 
the infection from infected chicks and transfer it to other birds (Hammon et 
al ) The virus has further been isolated from chicken mites and is transmitted 
by their eggs to nymphs of the first generation (Smith et al ) It is thus poss- 
ible that the infection is dCTi\ed from animal reservoirs, both birds and 
mammals 


Japanese Encephalitis 

Large outbreaks of encephalitis with high mortality tend to occur in 
Japan m the late summer (' summer cmephahtis ' or ' B encephalitis ') A 
filterable virus has been isolated from cases bj Kasahara and others It is 
transmissible to monkeys and mice, producing m tlicac animals on intracere- 
bral inoculation a mcmngo-encephalomjelitis It is 20 to 30 m/i in sire and 
has been cultivated in a medium of chick embryo brain beruin of convales- 
cent subjects neutralises the virus, and by serum-ncutrahsation tests it has 
been differentiated from the snrus o! St Louis cnccphahti-^ and that of %Yest 
Nile encephalitis The Mrus also differs from that of the St Louis disease in 
producing a severe infection in monkeys, whereas the latter is onlv of low 
virulence for these animals , moreover, the Japanese virus is virulent to sheep, 
towards which the other is avirulent The evidence indicates tliat the 
infection is mosqiuto-bornc, culicinc nios(|uitocs being probablv responsible 
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SivXT by Thomas and Peck also suggest that horses 

may be reservoirs of the infection. «ggcsi uiai norses 


Russian Spring-Summer Encephalitis 
This form of encephalitis occurs in the Far Eastern parts of Russia in the 
been ^ filterable virus has 

'»™hcys, nuce, and sheep being susceptible to 
inoculation. The virus has been shown by complement-fixation and senim- 
neutralisation tests to be related to that of louping-ill (Casals and Webster). 
Moreover, hke louprng-ill, it is transmitted by ticks (r.y. /«*s pmdatus) 
anci the infection in ticks is passed to a second generation by the eggs, 
fhere is evidence that forest rodents and domestic animals are reser\'oirs 
of infection. 


West Nile Encephalitis 

The xirus of this condition was isolated in Uganda from the blood of a 
person with a febrile illness (Smithbum et al), and proved on intracerebral 
inoculation of monkeys and mice to be encephalitogenic. This virus has been 
compared with other encephalitis viruses in serum-neutralisation tests; it 
shows some relationship to the St. Louis and Japanese viruses but a sero- 
logical distinction can be demonstrated. The size of the rinis has been 
estimated to be 21 to 31 m/<. Serological observations indicate the presence 
of infection by this virus in v'arious parts of Africa. 

A virus capable of producing encephalitis in mice by intracertbral iitocolatiofl vts 
obtained from the blood of African nativ'es in Uganda suffering from a non-fatal febnJe 
disease, ‘ Bwamba fever ’ {Smithbum el al., 1941). Its sue has been stated as 1J3 to 
160 Sraithburn and liis associates (1944) also isolated an encephahtogeiuc virns 
from Aides mosquitoes in the Semliki forest of Uganda , »t was apparently distinguish- 
able from other encephalitis viruses It probably onginates from an animal reservoir, 
e g monkeys 


Australian ‘X* Encephalitis 

Outbreaks of this condition have been recorded in Australia, and a fiUe^ 

able virus has been isolated from cases. It is transmissible to luonKe^s ^ 
sheep, producing in the latter animal a condition which bears ® I: ' 
similarity to louping-ill. The investigation of thi= virus arid tf^ 
of the associated disease is still incomplete. {S»“ Cleland and Ca P 
Perdrau ) 

Equine EncephalomyeViIs 

This disease is enzootic among horses in th» United a^tcr- 

in some regions of South America. It has hwi Iu% es a ^ ^ 
able %'irus is the causal agent and two cause 

recognised in North America, ‘ Western ’ and ‘ ^stem , 77,^ virus is 

disease in man A third has been identified m t enezuc a 
transmissible to a variety of animals — *”^heys, mi e. • 

birds, etc. It is estimated to be 20 to 35 m/i m size ( 

can be obtained in the chorio-allantoic mv-mbrnne o vinniis species of 

evidence points to thenaturaUransmissiouofthediscasebj various 

ntibodics for 


mosquito, eg. Ctdex iartaUs. 

Hammon and his associ-’* 
Western type of vunis in the 
mammals and birds and in 


: h'ivf fnund neutralising a' 
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This would indicate that these animals are reservoirs of infection The disease 
also occurs in the human subject, probably b}’ mosquito transmission 
from such animal reservoirs. Vaccination against the equine disease by 
means of fomiolised chick embryo culture has been practised with some 
success 

Loupmg'lU o! Sheep 

This is an encephalomyelitis of sheep, occurring in the hill grazings of 
England and Scotland A prominent feature of the disease is cerebellar 
ataxia, and destruction of the Putkinje cells of the cerebellum is a character- 


inoculation. Transmission has also resulted in mice and monkeys by intra- 
nasal inoculation. The size of the virus has been estimated as 15 to 20 m/i. 
It has been cultivated in a medium of chick embryo tissue and in the chorio- 
allantoic membrane of the embryo chick. All the evidence shows th.at the 
tick. Ixodes rictniis, is the natural vector Occasional cases have been 
recorded of transmission of the virus to the human subject mth a resulting 
mild encephalitis, and accidental infections have occurred m laboratory 
u’orkers It has been assumed that the virus reaches the nervous system by 
the blood stream, but m animals infected intranasally it js suggested that the 
virus travels by the olfactory nerves. Apparently the infection often takes 
a latent or inapparent form and gives nse to immunity. Another tick-borne 
infection, ' tick l^ntne fever whose cause has not been fully defined, is also 
prevalent in the areas m which louping-ill occurs and there is some evidence 
that this disease accentuates the active manifestations of louping-ill Con- 
siderable success has attended the prophylactic vaccination of sheep against 
the disease The vaccine generally used is a formohsed suspension of brain 
tissue from an artificially modulated sheep Reference has been made 
above to the relationship of the Jouping-ill virus to other ncurotropic viruses. 
(See Gordon ei al , Alston and Gibsoh , Brow nlee and Wilson ) 

Borna Disease (Encephalomyelitis of Horses, Cattle, and Sheep) 

This cundition occurs tn Europe It is due to a filterable virus, which is transmissible 
b} intracerebral inoculation to monkeys, mice, rabbits guinea-pigs, and fowls Its sire 
has been estimated as 83 to 125 mu The histological lesions are sirtiilar to those tu other 
forms of encephalitis and are distributed in the brain, spinal cord, and meninges, bat in 
addition the virus seems to spread along nerve tracts from the central nervous system, 
producing a neuritis In the nuclei of nerve cells acidophile inclusion bodies Jocst- 
Oegen corpuscles ') have been demonstrated (see Xicolau and Oalloway) There is no 
evidence so far that this vims infects man 

Encephalitis ol other Animals 

Virus encephalitis occurs in certain other animals, e g loses, mice and chickens 
The mouse virus, already referred to (p 516) is of about the same size as that of poho- 
myelitis and the disease produced is an enceph3loni>clitu «itii changes in the anterior 
cornua of the spinal cord rcsembJing those of poliomyelitis (see Thciler , Thciler and 
Card) bpontaneoos encephalitis of rabbits »as first noted by Bull and subseijuently 
studied by Oliver and by Twort and Archer The condition is often associated with 
nephritis It is readily tnansmittcd both by cage infection and by expenmental inocula- 
tion McCartne) working m tbe Lnited States found that about onc-haU of the stock 
rabbits examined by him showed encephalitic lesions Though the lisions arc similar 
to Ihose of a virus encephalitis, it is of particular interest that the presence of a protozoal 
organism can be demonstrated (Levaditi, Nicolau and bchoen) This has been classified 
with the microsporidia and named I^neepAaliti>ioim ettmeuU It can be seen m groups of 
twenty to fortj pear-shaped bodies apparent!) enclosed maejst 
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Virus * B ‘ 

Thii, % irus was isolated from the brain and spinal cord of a human case of acute 
ascendin" mjelitis follow m" the bite of a Macacus rhesus monkev In ribhiis it nrr.iP.1 
to be hifihly neurotropic, but produced in monltei-s a conditjon’someuhat resmWin»- 

an mdem.c ,'nfcc't,™ ah ’rh a ‘l 1 '°““ “PP";; th.s » ,ms ,s responsible for 
an endemic infection which seldom causes obvious aij^ns of illness (see Sabm and Wnghtj 


Acute Disseminated Encephalomyelitis 
Of late years attention has been drau-n to cases of encephalitis (‘post- 
\accinial encephalitis ) occurring in Great Britain and other countrits) 
about a fortnight after vaccination, a number of which have proved fatal, 
the majority, however, recovering completely. This condition has been met 
with chiefly in older children vaccinated for the first time In view of the 
fact that fatal meningoencephalitis can be produced in monkeys and rabbits 
by intracerebral inoculation wtli vaccinia varus, the question has arisen as 
to whether the condition is causally related to vaccinia. A characteristic 
histological feature in the human cases who have survived for ^mc time is the 
presence in the brain and cord of perivascular areas of demyelination (Turn' 
bull and McIntosh ; Perdrau). These areas are situated most commonl) in 
the subcortical white matter, in the thalamus, mid-brain and pons, and round 
the ependyma of the lateral ventricles ; the cord is likewise affected A 
similar condition has been long known to occur sporadically after smallpox 
and measles, and is also met with after other febrile illnesses and after rabies 
vaccination, or even spontaneously. There is little to suggest that cases which, 
have survived the acute stage develop into disseminated sclerosis In the 
post-vaccinial cases, the presence of vaccinia virus in the brain has onl) 
occasionally been demonstrated , thus attempts to transmit the condition 
to animals by injecting suspensions of brain from fatal cases have gcneraijy 
failed. While the exact nature of the causal agent is undetermined, the Mew 
has been put fonvard that it may be a virus or toxin acting onnerx'oustis^es 
whose resistance has been depressed by various conditions, one of which ^ 
vaccination. The condition has also been regarded as an allergic 
tion, and it has been pointed out that the repeated injection of norma ra 
tissue from the rabbit into monkeys produces a similar encephalomjeiit 
(Rivers and Schwentker). In post-vaccinial cases favourable resu ’ 
been reported to follow an intravenous injection of 10 c c of the seru 
person previously successfully vaccinated 


ACUTE ASEPTIC MENINGITIS (tYMPHOCyilC CHOEIO- 
MENINGinS, ETC.) 

There IS a a- r fo . e , d .--■n spmlaneOTsly 

ordinary bacteria and shows only formationis rare 

increase of lymphocytes being the chief, while coagu i of such 

Also there is no focus of infection near the menmge . • P 
conditions have been shown to be due to virus infecUon- 

Lymphocytic Choriomeningitis by 

Armstrong and Lillie first recovered ','romTh'la' os-e 

passage through monkeys, the inoculum beiOo 
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during the St, Loins outbreak of encephalitis It produced in monkeys 
an acute ' aseptic ' meningitis, the exudate in the meninges and choroid 
plexus being chiefly lympiiocylic Since then it has been found repeatedly 
tn the cerebrO'Spmal fluid of patients with meningitis, both in America and 
in Great Britain (Findlay et al ), the symptoms usuallj- being mild and a pre- 
ceding influenza-hke illness often being associated In the cerebro-spmal 
fluid there is a considerable increase of lymphocytes, averaging 600 to 1500 
per c.mra The virus has also been obtained where the sj’mptoms suggested 
anterior poliomyelitis or encephalomyelitis (see Farmer and Janeway) and 
at autopsy where there was broncho-pneumonia but no lesion of the central 
nervous system (Smadel tt al ) The virus has been recovered from blood, 
urine, naso-pharyngca! secretions, and lung Mice, when inoculated intra- 
cerebrally or by nasal insufflation, develop tremors after five to tu’cli'c days 
and die m one or two days with spasms of the hind legs Passage can 
be maintained indefinitely Post mortem, meningitis is found and there may 
be encephalitis , marked lymphocytic infiltration of the brain and meninges 
is characteristic The virus is present in the blood and vanous organs as well 
as the central nervous system The spontaneous disease in mice has a low 
fatality often . infection may occur tn uUro Guinea-pigs are susceptible and 
alter intracerebral injection develop meningitis and pneumonia , subcutane- 
ous or mtrapentoneal inoculation produces a febrile illness , rats are sus- 
ceptible, but usually developonlyafebnlediseaseujthoiitncrvoussymptoms 
Specific antibodies which neutralise the virus, appear in the serum about 
five or SIX weeks after recovery in man and the complement-fixation reaction 
IS also given (eg with suspension of spleen of an infected guinea-pig as 
antigen) Such antibodies are found in the blood of a considerable number of 
persons who have not suffered from clinical attacks, but u is not clear 
whether tins always represents a response to subchnical infection The virus 
has been recovered both from apparently norma! wJnte mice (see Traub) and 
grey house mice , in such earners a fatal attack can be induced by an intra- 
cerebral injection of sterile broth The virus has also been found m the 
spleens of dogs in Great Britain. As dust in the viunity of infected mice may 
harbour the virus from contamination with their unne and nasal secretion, 
inhalation is probably a natural mode ol infection In guinea-pigs infection 
can occur tlirough the unbroken skm Under expcnmental conditions 
vanous arthropods can transmit the disease (Milder) The size of the virus 
has been estimated to be 37 to 60m// It is cultivable m the chono-allantoic 
membrane of the embryo chick It is very susceptible to heat, being in- 
activated at 55° C in twenty minutes . but it survives for long periods m 
neutral 50 per cent glycerol al 5° C or when dried from the frozen state 
Acidophile inclusions iiave been described in the cytoplasm of mononuclear 
cells m the brains of infected ammah 

For diagnosis a guinea-pig should be injected intrapentoneally with 5 to 
lo c c of blood from a case suspected to be m the early stage of the disease 
or with a similar amount of cercbro-spinal fluid after meningitis has appeared 
If the animal develops fever it should be killed when the rectal tempera- 
ture has reached 104° F. for one to two days and the spleen and brain are 
placed m 50 per cent glycerol in saline and kept at about 0° C for 
further investigation Mice may be injected jntracerebraiiy with 0 03 
c c of cerebro-spinal fluid The complemcnt-hvation reaction may bo 
uwd for diagnosis [tide supra) Serological ami cross-immunity reactions 
distinguish the virus of lymphocytic chonomeningitis from other ncuro- 
tropic viruses suvh as tliose of pohomvthlis. bl Louis encephabtis, equine 
encephalitis, etc 
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PseudO'Lyinpboeydc-Choilomenlngitls 

WacCallum and his associates have observed tuo cases resembling the above descnbed 
choriomeningitis, from the cerebro-spinal fluid of «hich they isolated a virus with 
characters different from that of the typical disease. It was much larger in sue, 150 to 
225 mu, and serologically distinguishable. 

Swineherds' Disease 

In this condition, w hich at first presents symptoms indicating an intestinal infection, 


blood, urine, and in some cases the cerehro-spmal fluid, and can be transmitted to pigs, 
cats, mice, guinea-pigs, and rats Experimental transmission has also been earned out 
m the human subject. The relationship of this virus to others has not yet been luli> 
investigated (see Durand e/ ai ) 
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I)i:KMOTKOPIC VlKrSLS -SMAM.l’OX AND VAfCJNlA. VAC 
1 ooT AND MOl'TH dim:\si:. zosthk cnicKr.N- 

I’ox- irirKfiN .MOu.LXUAr roNTAiwo.srAf 

WARTS 

SMALLPOX (VARIOLA) AKO VACONU 

S'tAIii'iJ'C IS ,1 (n uliich much stiidv fws Iwn dcsotnl owin;; Ijolh 

tn (he luxiv uhicli it h'rrneflv u-n>m;ht iii I.«r<»j»c, .ind to the tontrosrrsiw 
which hise .insen iii cniiiu'ction with the ,n'in'e jmriiTmis.^tiofi .ii.Mtnsi it 
intrfxlurivl hv JeiUHT It Ins )xvri lontj tli.i( the coiUj^iiim tifiim 

present in (In- disease is u'U one nt the urdinarv micn»-or^' inisins Jmt is uf 
ruire imtinti.' si/r and eh*sftMWe uirh the tihcrahh* t/n/s<s In the «»- 
m'xhhnl disease ()irre are It'ith a scfcrc W*n}e illni^s and a Hi<Jcspre.id 
erupt inn nii tlir skin and < onjttm tn.c (he ) itii r <ffi</i h-.idiiu; (<> rni irn n( 
hhndness ‘MixtiJ inles tirnis, rsjusiialh' ssith iiffptt«<*«ir-ii, tend l<> onur 
am} t<in(rihu!r to (lie «*rioKs resides fhe <oimm>n mmlr* of infecti'ni is 
prii}».i}j)\ }i\ the ri-sinntors trail 

Jennertan Vacdnalion. L'ntd jetmor s time the piiJv means adopied to 
mitifj.itr (}ir ilisease h id Ik-ch }»v imxidaltoii ol n scarified area of <kin ssith 
miten d taken Imm a sma)lj«>\ pustule, osjxviallv from a mild case . h> (Ins 
miaris a milij fnrm of (lie ihse.iM- ssas oftui oncin.ntet) Ji )iad presnouslv 
Ix-en known fliat one att.iik of the dtscise proteenil acainst future infection, 
and tint the mild att.n k prothiu-d tis tnucid.itim) al-o }iad this eflcct This 
mixtihiiion inetliod hid lon^ Inm practi»eij in sanous pirit of the svurld, 
and had consider.ihh' ixtjmltniv all user I'liropc dunni; the fii;htcenth 
fcntiirs Its divids-.ifitaA'c ss*a< that the re'stiUim; <h5cas<*, tfiough mdd, ss-.is 
stdl infectious, and thus mwtlit t>e the st.irt»n~-j>omt «f a virxilcnl form among 
unprotectcil {vrsons jenm-rs dtscsivcrv was puhhshcd wficn inoculation 
ssas still consulcralds practiscsl It ss'as h«mvh>sl on the [Xipular belief that 
those who havl contracted to-Apo\ (vacviniaj from an alfcrtnl aninnl were 
insii'coptiblc to suliserjitcnt infection from $maU|)o\ In the lior»r aKo there 
iKiurs a disia'c smidar to <ti>spo\ and known as horsi-po\ . .ind Jenner 
Uheved that the matter from the ulcers follow mu Imrv jxi\, nlii-n transferred 
l)\ the hands of tho'i ss ho tlressctl the sores to the teats of row s suh'i ipiendv 
tmikeil b\ ificm, gase ri<e to cosspoa in the latter This disease w,i!> thus, in 
his opinion, identic.ll witli liorse(>ox, and it had its origin in epizootics of tfie 
latter Cow-{x)\ manifests itself as a (upular eruption on tlic (c.nts . tJic 
paptiks fx-conie pustules . their contents dry up to form s^ibs, or more or 
less diep iiluT!. dcsclop .it their sites Trom such a lesion the h.iiids of the 
milkers Ix-ronic infected through .ihrastons, .ind .i similar Ji>cal eruption 
Occurs, with gener.il simptorns m the form of slight feicr and malaisc It 
n.is tins illness which, .iccoriling to jenner, ga\u rise to iminunity from 
smallpoc infection Jlc showed experimentally that persons who had suffered 
from such attacks did not react to inoculation of the skin with smallpox , 
and further, that persons to whom lie communicated cove pox artificially were 
similarly immune Though from the first Jennenan vaccination had many 
opjvijients, u gradually gamed fhc confidence of the unprejudiced, and 
tsecame extensively practised all over the w-orfd, as it is at the present day. 
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The so-calleH vaccine ‘ lymph ' which contains the immunising acent is 
the serous exudate of the co^x vesicle. When such lymph is^used for 
inoculating calf from calf by passage, a continuous supply'of the product is- 
obtmned; and the l3TOph used for human vaccination is proceed by 
artificial inoculation of these animals. The virus is also maintained in rabbits 
to serve as seed li-mph for inoculating calves To maintain the potency of 
the virus It IS advantageous to pass it alternately through the rabbit and 
calf ; and transfer from the calf to the human subject, and then from the 
human to the calf is also practised Further reference is rhade later to 
the method of production of calf lymph, its purification, and standard- 
isation By the use of this vaccine immunity against smallpox is conferred 
on the vaccinated individual for a considerable period. While some strains 
of the cowpox or vaccinia virus in lise for the production of the vaccine have 
originated from natural cowpox, others probably represent the actual variola 
virus modified by passage m calves and rabbits ; this will be discussed later. 
The most striking evidence in favour of vaccination was first derived from 
its effects among the staffs of smallpox hospitals , for here, m numerous 
instances, it was only the unvaccinated individuals who contracted the 
disease. While vaccination is undoubtedly efficacious in protecting against 
smallpox, Jenner over-estimated the duration of the immunity ft has been 
noted in smallpox epidemics that whereas young unprotected subjects 
readily contract the disease, those vaccinated as infants escape more or less 
till after the thirteenth to the fifteenth years. Revacdnation is therefore 
necessary if immunity is to continue. In certain exceptional persons, how- 
ever, the protection conferred by vaccination is short-lived (Stevenson) 
Vaccination just before exposure to infection yields complete protection and 
vaccination even in the incubation period after exposure may protect or 
mitigate the disease The whole question of the efficacy of vaccination was 
investigated in this country in 1896 by a Royal Commission, whose general 
conclusions were as follows Vaccination diminishes the liability to attack 
b)’ smallpox, and when the latter does occur, the disease is milder and less 
fatal Protection against attack is greatest during nine or ten years after 
vaccination. It is still efficacious for a further period of five years, an 
nossiblv never wholly ceases The riower of \*accination to modtfj an a ac 

•c- 

tive according to the thoroughness witn wmui it 

producing the ™ck ,, 

As indicated ^ 

of the skin, the . in older 

and voung children three scratches ot ^ inr • may ,• (he 

children and adults vaccinated for the first -.me it « ‘ ‘ i,al,tis 

inoculation toone scratch as it is in such causes that pos jo 

may occur {qv) In a non-immune per-On a papu . i,ecomes 

four days and becomes vesicular in six to ^ven ' Utci, 

pustular m ten to twelve days and is surrounded by an tlictwenty- 

thepustule beginsto healandadr>’crust forms, whic < individual 

nitted scar The lesion is very mmilar^to 

proceeding 

{jscfied JJi 

to the vesicular or pustular piiase. nreWous/y 

persons who have been vaccinated some quickly than 

immunity has declined I" Jhe lesion goes (hmugh the nsua 

in the typical reaction and, though after this 
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pli Ilip wlifilo prfK’Cs-* acccicratcil and final hcalinq is complete much 
earlier than in a susceptible jx^r^on vaccinated for the first time 

The Relationship o! Smallpox (Variola) to Cowpox (Vaccinia). 1 his is a 
•juestion re^tardnii’ which {treat control m>v has taken place . .i suhsiiharv 
{viint has lxs.*n the iiiter-rclatinnshii>s within the group of amiml (liseasjs.. 
which mchulcs cow’ikix, horse|X)\. slicep-pox. etc There is no <ltmht that 
rnw|>i)\ r.m I>c comimintcatcd to in.in. m whom it produces the \e«irlc 
limited to the {viiiit of inoculation and the slight general snnptoms whuh 
vntcm itinn with calf hmiph has m.ulc familiar It does not j>ro<iuce m man a 
general eruption except in vcr\ r.ire cases, and the Itxral eruption is onlv 
infectious when matter from it is intrcKluced into .an ahrasion Tins loss of 
infectiousness by tr.insmission ihroiich the Ixvly of .a rvlativrU* msusccptihle 
.animal is a condition which i» known in other diseases Monkcv s are sus<t j> 
t ihlc to l>oth \ acciima and v.ariola On inocuLating the «h.a\ cd skin bv *r.anfKa* 
tioti .1 paptilo-acMcuIar li*3ion results in e.ach r.isc. .and tlic lesion can lx* 
indefinitely maintained m senes Further, monkeys tlius inwilated wuih 
l\mph from x’nccinia arc rciidcreil immune against \anola, and the ronvxfse 
holds . though Gordon found that the degree of protection proijin eil hv 
x.irnni.a .against \-anoIa was rather greater than that proxhiceil l)\ vanola 
•against vaccinia In the rabbit, on the otlier liaml, similar inoculation of (he 
skin with v.accinia gisTs nsc to the typical lc«ion. whcrc.as inoculation with 
\ .mola prcxluccs only slight effects A more delicate method than inoculation 
of the ‘km for ilctecting the action of \anola and vaccinia in the ratihit is to 
inject the material into the testis, an orchitis Ix-ing set up in coH'Oijupnce 
The calf is not highly susceptible to varioka, and the tvpical lesions are not 
prixluced at first A slight rc.iction may occur at tlie site of mocukition, and 
if mot. Illation is in.aile friun the lesion to another calf, and tlicn contmiietl m 
senes, the lesions may graduiUv liecotne more marked .ind iiltimatrlv 
.assume the characters of tliosc pnxluccd bv smecinia Therr.iftcr. ihealtcreil 
virus mi\ U‘ mil. finitclv transmittnl This result has Ixrn rrp*Mtnllv 
ohl.uned and the animils tlnis tre.ate«l Ixxome immune against inlur.il 

V iciinu Not only s<a, but on using for bunnn vaccmalion the Ivmpli from 
sill h c.ihcs. results indi'ttngiushible from tbosc prtxlmnl li\ v.iicinr Inuph 
.ire obt iiiKil, .and the transitorv illness which follows, unlike tint prcxltml 
111 mill bv m-x Illation witfi small|xax Ivinph. is no loriger mfestious \s 
11U iiti'iius! .dxjve some of th»* strains «l vaccinia virus hive ongiiniisl from 
t! e vatvlitii'ii of «.alvrs Tims tlir f.i« ts av iihble go to »hi.w not onlv tbit 

V .11-1 ii.n c iiufi-rs inimunitv ag un*t vaijol i. leit that v .mol \ > c>nfi ts uninunilv 
.1 ■•ain't v.uciiii 1 Ml the cvidnirr in reg ird to v.vrm! i .and v i > im i unlii .ili-s 
tbit tb«'sr tlisr-ivi-s .arc due to tlie v.iine vims ST si >'«-lv nlalrd Mnis<~s Til 
tbit t! d:!!<-n-n. cs Iv-twcr n then mnlt miinlv from the trl itivr mis. . • n. 
l-thlKs o) lb'* lv»o ‘j-Mrs of .annniU in wtiv It tli»-v sur n itnr-dlv .n 1 tl - 

ili"‘.s n c { r»sl')fe»l In I. »l‘i1vt tn ‘hf'rtrnl *i«- e s H- f.’an 

ti i' tr »•"(, rnM tl '• vmu o{ v tin ’ » nto i*"' wttfs tl.*“ • h u ti irrs >d v i t n 
1 \ I*' »• n’jlp .• thr *1 in of a m ‘"‘V.* \ with texmn v .vri ! initrrn! tj t”. 
j.,. !•• • t’ • T'f'-’ ti 'iff “I tli'-n **.1 r\ • iVn F'. •%s tl To i,pi I s.?i.-s I ! r »b' ■!» 

ti. I ‘tat'sii.'ihr I ihti o 

W ! (V U ! i.-rn fTf- ".aTV t » r«.:ir'I th- v.fis of nit«Tjl •'•■'[•.v at 1 
i‘ - s , :• IS ST,;. I art.' ii'Jv f f s-al ;• v s i as i?.r 
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produces only a locallesion ; . . 

to the same result. But Camus showeu i.... ° 

injecUon of vaccme lymph in sufficient doses may produce eenem.^ 'ZT 
and this has been confirmed by others. Further, McIntoA has found ta 
cutmeous inocuhtion m the rabbit with a strain of vaccinia virus rmimd 
highly ■''irafent fay passage produced frequently a general eruption with 
internal focal lesions. In the human subject also, after vaccination iriiich 
runs the ordinary course; the mrus may be present in the Wood Therefore 
in view of the fact that such dissemination of the virus may occur the 
question has ansen whether the encephafifis which has been observed Occa- 
sionally to follow vaccination may be caused by vaccinia ; .but Ihe evident* 
contra-mdicatcs this. 

Pox diseases oJ Mammalian Animals. Cmvpox vjras produces lesions in most 
mammaUa under experimental conditions With regard to the relation of co'ipox to 
horsepox, if is probable that they are the same disease Both are characterised by 
localised eruptions, and both appear to be ordinarily transmitted by human aseixy 
In the horse lesions may also occur m the mouth — ' contagious pustular stomatitis ’ 
Some ou tbreaks of cow-pox have ongmaf ed /rora the horse, but in other cases such a source 
has not been traced Sheep-pox, which occurs chicdy in south-eastern Europe, is ol 
interest, as it presents certain analogies to human smallpox. It « a highly Inleetroa* 
disease, characterised by a generalised eraptiob Inoculation of the sheep with Jj'mph 
from a vesicle usuallj' produces only a local lesion (though sometimes there i5 3 jhsht 
genera] eruption), and thereafter the animal is immune The virus appears Jo be host- 
specific and unrelated to those of other pox diseases Inoculation of henls has been 
carried out as a preventive measure and is effective, but the animals thus treated are 
still infectious to fresh animats The best results are obtained b)’ inoculating with a 
mi-Xture of virus and immune serum from a recovered animal Goatpox presents susil- 
larities to aheep-pox, but goats do not become infected dunng outbreaks of sheep pox, 
and lymph from the latter is practically without effect on the goat Swinepox, a disease 
also with a dissuminateii eruption, is rare , the virus is not related to those of the other 
pox diseases Though at one time it was thought that the viruses of these pot dises'rt 
of different mammals might be modifications of the same tinis, recent work all ^ 
show tliat with the exception of the relationship of cowpiox and horsepox (and also rabbit- 
pox) and, of course, the relationship of v-anolaantlconpov, the uruscsof pnvdiseascsare 
strictly speafic , . 

Analogous diseases occur in birds. / g fowls and canaiies ; these mil be consiaerra 
later 

Alas^rtPfi In recent tames much attenlicmhas *'Ben directed toa vanob- 
Jike disease which is charactensed by the roJat; t- absence of constitutional 
disturbances and by its non-fafal character, whilst the skin lesions 
severe, sometimes of a confluent t5'pe It is hi 'i-ly infectious, and epi eim 
have occurred practically aU over the woH .. Various names “■ai e 
applied, such as para-variola, mild smallpox, amaas. .„{jj 

term has come into general use There his been much con 
regard to its relation to vanola, but we > xi refer 
work The results of inoculation of anim s are closely 
esse of vanola In monkeys the lesior- ire the same ^ , ^crc. 
though Gordon found that those of the vastnm vinis w^re rather ^ 

As in the case of variola, rabbifs c i ere are e through the 

or only slight lesions occur, but Bla*. if found fbat , ®tvnicancslons 
calf the alastnm virus became so mod fif that it Scnces. 

of vaccinia Immunity studies ha^ brought , ijjougli 

Vaccinia protects against alastrim it d^ the 

onces in degree may be noted, an ‘ (jrotS'jmiuu^hy 

anti-vaccinial serum react also witli the *f;ffcrence betHcm the 

tests, however, indicate that there n s^e ®J!^v..rrination protects against 
vaccinia and alastrim viruses, thus, though >3 
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akstrim, cases of the ktter,discase have frequently been found susceptible to 
vaccinia on vaccination. All the evidence at present available goes to show 
that the akstrim virus represents a modified form or variant of the variola 
virus, the modification consisting mainly in the loss of toxic and lethal proper- 
ties towards the human subject, while pathogenic action in animal tests and 
antigenic properties liave been little altered 

Nature of Variola-Vaccmia Virus. Mwt of our knowledge of this subject 
is derived from studies of the virus of vaccinia, but the evidence bearing 
directly on the virus present in cases of variola indicates that the two 
viruses are closely similar or m fact identical in many respects. It has been 
conclusively shown that the causal agent of variola and N’accinia is not 
one of the ordinary bacteria In the exudate of skin lesions bacteria are, of 
course, present, but these can be removed or killed without the infective 



Fic 151 P)a<iu«sin thcdhono*allvitojcm«n>liranefived-»vsa{tpr 
inoculation miUi uicinia vuu5 (from van noo\pii and 
Rtiodrs, Virus Oiifates oj iJat * ) 


‘ obtained this 

The filtiation of vaccine 
■ divergent results Some- 
times the filtrate is infective, sometimes not The result apparently depends 
upon the amount of adsorption which occurs in the filter, as it has been shown 
that substances hke kaolin, animal cliarcoal, phosphate of calcium, etc , 
adsorb the vaccinia \ inis and others of similar nature Ward has found that 
the vinis j.s most readily filterable in brotli with a pH of 7 6 Mmute 
bodies were described and illustrated in the exudate of vanola and vaccinia 
by Buist (Edinburgh) in 1^86 The measurement he gave of these was 0 15 /« 
and he demonstrated them b\ prolonged staining with gentian xnolet He 
regartlcd these nunute bodies as ' spores ' of micrococci winch he cultivated 
from the same material, but considered them to be the causal micro-oiganism 
of vanola and vaccinia TJicre can be httle doubt that the minute organisms 
described by Buist were the forms which were later demonstrated by Paschen 
lb 
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i -VO vaccine lymph and lesions, ^d designated i„ subsequent litera- 

« «nipnt3ry bodies It is now generaliy agreed 

filtration ti.rougn 

W ' n 8™er.alty agree rvith this estimate. The riru's bod.es 

have been photographea by electron microscopy and in this way have been 
shown to have a somewhat brick-shaped appearance. Althongh the virus 
from vanola has not been cultivated rUro. that from vaccinia has been 
ound to multipjy w a jnedjum consisting of fresh minced aduU ben or rabbit 
kidney along with fresh serum and TjTodc’s solution (H. B and M C 
jlaitland). Thus growth j« w/rocan be obtained in the presence of survinng 
tissue cells The procedure adopted consists m mixing bacteria-free vaccinia 
virus with 0-3 c.c of the minced tissue, and then adding See. fresh rabbit 
serum and sufficient Tyrode’s solution to make up the volume to 10 c c Vic 
material is distributed m 2 c.c. quantities in Carrel flasks and incubated. 

It may be noted that the elementary bodies appear in these cultures Cul- 
tures can akso be obtained readily in minced chick embryo and in the 
chono-allantoic membrane of the developing chick In the cborio-allantoic 
membrane pock-like lesions result from the growth of the virus (Fig- 151}. 
The variola virus can likewise be propagated in the chono-allantoic mem- 
brane, but the pocks are smaller and slower in development. 


The possibility »it vaccinatins- against smallpox by means of accioiaslrusruibvated 
til I'tiro m minted chivk embryo medium has been explored by Ilj\trs and tVard, the 
virus bemg mjecteii i nttadermafb Tbt leactiuna do not lead to aa open sore of waning 
as in I ennenan vaccination Such inoculation is capable of prev cntins a fater infccfwo 
Mitb the same virus ftvim call lymph Stevenson and Duller have also studied the pro- 
duction of V au me from cultures m the chono-allantoic membrane of the enibr> o 
The viriiv after repeateil passaije in the chorioaUantoic membrane produced s«in 
reactions in rabbits and monkeys, which developed more slowly than those produced oy 
calf Ivtnph They found als.> that 0 5 per cent) phenol Could be added to the tseeine 
matins! without loss of antigenicity Inoculation with the vaccine produced immundv 
to V acvinia v irus frocti the talf According to Lehmann, calf mph cannot be rep s 
bj culture 1 ace me on aevount of variations in potency in the latter when continu ^ 
cultivated and lack of knowledge of the duration of iinmunit)- produced , 

method calls for much further investigation and at present no statement can 
regarding its ellectiveness as a practical substitute for the older procedure 


I’he virus is comparatively thermolabile, its patiiogenic jjjj 

practically destn7>’ed on exposure for an hour at 55® C. though it , 
some antigenic po^ver (Gordon) It js readily 
tics, but in this respect its behaviour corresponds to other 
rather than to bacteria For example, provided the l^per 

(f C , It persists practicaily unchanged m 50 per cent. ‘ . Jj,e 

cent ether, its resistance to the former being taken 
preparation Qf vaccine lymph /or pre' ^.tpnal is ^ety 
that the virus both m vaccine lymph and w ^ ^.i.-destrojc^i 

susceptible to the action of potassium permanganate, dci g l,,,rher ddu- 
b> a solution of 1 10.000 In fact, this substance dry. 

tions than is carbolic acid or even corrosive subhmat^ 
as in variolous crusts, remains infective for long . *^.^5 are to he 

Inclusion and ckmenfary bodies Certain 1*^'^ 
found vnthin the epithelial cells of the smallpox^ r y in the cornea 0^ 
the natural disease and m that experimentally e been sj>ccia/h- 

the rabbit, which is a suitable site study. 1 > They 

investigated by Guarmen, Councilman, Ewing. 
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are usually globoid, measuring about 1 to t tn diameter ; sickle-shajicd and 
other forms are abomet with They are contained within the epithelial colls, 
often lying near the nuclei There is no doubt that these stnictures, or 
' Guamien bodies ’ as thej' arc frequently called, are a feature of the lesions, 
but there is no cMdetice that they are protozoal, as supposed at one time 
Thc> appear to belong to the same chs& as the inclusion bodies occumng m 
other %Tnis diseases With Mann's stain they tend to be acidophile , with 
certain other stains basophile forms are observed In variola intranuclear 
acidophile bodies have also been found, but these seem to be absent from the 
lesions m \accmta 

Reference has alreadv been made to the ' elcmentarv bodies ’ which arc 
found m the lesions and CMidateofsroaHjiox and vaccinia These are rounded 
coccoid stnictures. 0 15 to 0-2 /< in diameter and are demonstrable by 
Paschen's stain or by prolonged staining wath Giemsa's solution which colours 
them red or purple (Fig 155) It is possible that staining gives them artihn- 
alh the appearance of being larger than they really are, and tins is suggested 



Ff( I’l'n Fiiin frwii eoltu^»ft^^ac«nI^* 
\iru» ift chono allmtoic 
shmxiiis el'‘n>«ntar\ bodivt «taini<l 
ra»cti<'n » meitiod. cachUnuion 
of '..••41-* - 1 It- vJ.fSt 

iFfoin photOa'rajJhs \t\ 



Ftr. IVn Film from culture of 
$tapi)t!ocoteu» anil ti roll nii^ed 
Stained Ut same method aa \ and 
pliotoSTaphed wiib same tnagoiaca 
tion lor comparison 
C E sanUooten) 


b> compansons ivith photographs taken by uUra-\iolet light (Barnard) and 
estimates ol the size of the \irus particles by filtration through coUodion 
membranes As mentioned aberte they appear to be bnck-sbaped when 
phutoqraphed bv electron imcroscopv (Figs 156, 157), m this respect 
diffcnng from the spheroidal elementary bodies seen in certain other virus 
diseases, eg vancella These bodies can be readily conuentrated by high- 
speed centnfuging {eg I5.00t) revolutions per minute), and b\ this means 
hat e been obtaineii jn an almost pure state From tJie centrifuged deposit a 
suspension of the bodies can be prepared which vields a specific agglutination 
reaction mth an anti-vaccinial serum, behating like a bacterial suspension 
when acted on bv a homologous antiserum (tedingham) AciordmgtoGood- 
pasture and his associates the Guarmen inclusion bodies consist of aggregates 
of eiementarv bodies The correspontlmg inclusion body of fowlpox (Bol- 
linger body) has aUo been shown to consist of elementary bodies similar to 
the minute bodies (Borrel bodies) seen as free particles in the lesions and 
exudates It may be assumed, th^fore, that in these pox diseases the inclu- 
sion bodies are ' colonies ’ of growth of the elementary virus units in the 
cel! cytoplasm Eisenberg-Slerling has desmbed a developmental cycle of 
the V irus in the infected cells, but the significance to be attached to the 
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ainount. The postulate th^it mineral substances in small 

Immunity and Soate reasonable on., 

with regard to proSn a^Lel rf/"'''* 

shoss-n that immunitv can also Vm» ^ “ianeous inoculation, but it has been 
virus of vacewX virions '>>• i''‘r°dacing the 

studied further thi w of '"•''avenous, etc. Gordon 

that the nasii rnV,l« '■'™" ‘'‘""5'’ ®”facos, and found 

ing which rit^nSrl i P<=™“'’le, a catarrhal condition resnll- 

mg Which IS attended by immunity to cutaneous inoculation. J„ ,Min..ils 



Fic. Iflii. L’Icetron minopTipb of Vac«n»i \»ni« xrn,y».I 
frrom the Kattotul Institute for Medical Itesoarch ) 

immunised by the above methods, antibodies appear in tlie bfotxi of 
a nature corresponding- in some respects to those recognised in 
infection — inactivating or neutralising the virus ('viricidal and jicKimg 
precipitation (or flocculation) and complement-fix.ation reactions uitli 
containing material For example, when the \irus is evjioscd for so/^e nm 
to the antiserum it is bereft of its infecti\c properties, as indic.ycd in fiic 
of power to cause lesions on inoculation into the skin. It ha" been ^ 

that the union of antigen and antibody is cap.ib!c of rc.idnj ^ 

dissociation, since neutral mixtures of vaccinia virus and immune 
which have been kept for some time may become vindent ‘ 

(Andrew'e.s) Such apparent dissociation on dilution 
quantities of antibody and vinis . in the presence of a . •. j,i[,(nl 

antilwly reactivation of the \nrus docs not occur w hen ‘ 

(Goyal). It IS manifestly diflicuU to determine wliclhcr 
or even inactivating effect occurstnrtfroaccc>ulisonh^ » 
virus and antiscnim is intrcxiuceti into the tissue" f* 
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serum heated at 55® C. is as acUve as fresh serum , thus il in vitro inactiva- 
tion occurs, complement does not play any part in it. Fairbrother has shown 
that when mixtures of ^•accinia virus and antiserum are injected intraderm- 
ally neutralisation can be demonstrated irrespective of the time they have 
been in contact tn vitro , this is not so on intracerebral injection, four hours' 
contact being necessary He suggests that the antibody sensitises the vims 
to the destructive action of the tissue cells The actual mechanism of pro- 
tection by an antmral serum and its specific antibody remains obscure {see 
Sabin) \\Tiether or not inactivation of the virus depends on an interaction 
in vtiro between virus and antibody, such interaction is manifested by 
specific flocculation and complement-fixation phenomena. The antibodies m 
anti-vaccinia! serum give flocculating and compiement-fiving reactions with 



I 1 

■r 

tio i5T Lkclron cj-i 

b> Ibc obhqup tA {'«• 1 1 ,: JSt*) ' J3.0U0 

(from the ,\afioni? fRinfute fur Krvnn li I 

extracts of crusts from vanola and alastnin as x%cU as with material from 
vaccinia 1 1 ma> also be added that corresponding observations have been 
made on the sera of patients uho have recovered from smallpox It has been 
found tiiat such sera give complement fixation not onl> with material from 
the lesions of vanoU but also with the virus of vaccinia t'urllier. Schneider 
showed that the serum of vanola coavalexcents had a distinct anti'in/ectiie 
action toward vaccinia v^rus Plienomena of supersensUixcncss have been 
observed on rcinoculating with viru% and here aiso tlic action of the two 
upes is reciprocal All these facts support the view that the \acctma and 
vanoU Vituses arc closely rcbiled. il not identical, m their antigenic char- 
acters, the former being a modified form of the latter resulting from passage 
in the bovine species As mentioned earlier, an anti-v accirual serum spccdic- 
ally agglutinates suspensions of the purified elementary bodies It has been 
shown ttiat the antigen of vaccinia virus contains two components, one 
heat 'labile, the other ficat-stable at 70* C , and an inimiine scrum contains 
separate antibodies for these antigenic factors It ajjpears liheU that 
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the virus contains still further antigens. It may be stated that the rinis 
obtained from the lesions of vapcella (chicken-pov) gives no reactions «ith 
an antl-vaccmial serum, and that no cross immunity phenomena betaecn the 
two vimses have been observed. Varicella is accepted as quite a distinct 


There is no evidence that ' killed ' vaccinia liras is capable of prodncin? 
immunity. It has been suggested that immunity may depend on the rer- 
sistence of the virus (Douglas, Smith and Price). Thus Olitskv and long acre 
able to obtain the virus from the testes of immune rabbits' by a method of 
concenfration by cataphoresis long after recovery from cutaneous inocuU- 
non. On the other hand, those animals from which the vims could not be 
obtained were found to be no longer resistant to reinoculation. 

Agglutination of chicken erythrocytes by vaccinia virus. The phcnomcncm 

agglutination of these cells by a \inis was described by Hirst in the ca^e 
of influenza virus. Nagler has shown that the same effect is produced by 
vaccinia vims, e.g. in the form of a chorio-allantoic culture. The effect is 
specifically inhibited by anti-vacci'nial serum ; and, as in the case of influenza 
virus, it is suggested that this agglutination reaction may be used hr the 
titration of vaccinial antibodies in human and animal serum. 

Laboratory Diagnosis. For the diagnosis of variola and particularly its 
differentiation at an early stage from varicella some value attaches to the 
results produced on inoculation of the rabbit's cornea with the contents of 
the skin lesions (Paul’s test). The cornea is lightly scarified and the material 
(which if previously dry is suspended in a drop of saline) applied to it. 
After thirtj’-si.^ to forty-eight hours if the inatenaJ hks been derived from a 
case of vanoLa, small, clear, bubble-like elevations have developed on the 
cornea, which are best seen, as opaque white spots when the eye is enucleated 
(the cornea being then cleansed of any adherent blood or secretions) and 
placed for a short time — about a minute — in a mivture of 2 p-irts saturated 
yvatery solution of corrosive sublimate with 1 p-art of absolute alcohol- 
Vaccinia causes an appearance which is similar, but more marked ; but 
varicella and other infections produce nothing likely to be mistaken for it. 
The value of this procedure has been verified by Ungermann and ZuolrcraiK 


’^The work also ot Gordon and of Burgess, Craigic .ind Tiillocli on flic 
flocculating action of an anti-vaccinml scrum obtained from rah nts « 'cn 
mixed with e.xtracts of the skin crusts from luascs of vanola and ^l!a^ rtm, 
shown that this is a specific test which possesses considerable 
distinguishing these conditions from vancella . extracts of 
varicella yield a negative reaction The crusts from the case arc i p. 
dried m a desiccator and then ground to a powder m an aga e ‘ \ j. 
powder is weighed, tritur.ited waffi normalsalme. allowed to s ^ 
and then centrifugalised. ^'aiying dilutions of the ^ of 

prepared, ranging from 1 m 100 to 1 in tJOO (m terms of the 
the crust material from which the extract has been obtainei } ^ 

added varying dilutions of anti-vacanial s^m ranging ' r ^•.^cci^w 

(The serum is obtained by mjcctnw rakl-lls .mil in a 

crusts from an infected animal ) TTie mivturrs. at- tlici 

case of smallpox flocculation occurs in someof the. s, - a ^-ontrol tf^t 

representing op*im,T I proportions of antigen ant ■ " ' ^ out 

with rabbit x.». ■ v;i.m ; . ■ ■* r ' n.y Traude 

simultaneouvb * h “'i I'l/x'-uiMiw!. 

and Wishart and is more sensitive tiian V 
extract of crusts and anti-vaccimal scrum arcobtainc.i as - 
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the test is earned out like other complement-fixation reactions It should be 
noted that the crust extracts are sometimes markedly anti-complementary. 
(For details of these tests, see van Rooyen and Rhodes , Craigie and 
Tulloch ; Craigie and Wishart.) 

In early cases with a petechial prodromal eruption or with the typical 


1 . . • • . 

IS briefly as follows the central parts of several lesions, after cleansing with 
ether, are scraped with a sterile sharp-pointed scalpel, and the scrapings 
smeared on slides . the films are allowed to dry for ten minutes, treated with 
normal saline for three minutes and again allowed to dry , the> are then 
treated with a mixture of equal parts of alcohol and ether for three minutes , 
when dry they can be transmitted to the laboratory for staining, which is 
carried out by Paschen’s method If elementary bodies cannot be detected 
the scrapings should be repeated every four hours while the diagnosis remains 
in doubt 

The application of laboratory methods for the diagnosis of smallpox may 
be summarised as follows when there is a prodromal eruption or when the 
typical eruption is m the papular stage, the test for presence of elementary 
bodies and Paul's rabbit inoculation test should be carried out , when the 
eruption is m the vesicular stage and the vesicles are small, the microscopic 
test IS still applicable , if the vesicles are large, the vesicle fluid may be used 
for Paul’s test and the complement-fixation reaction , in the pustular stage, 
exudate or crusts may be used for the flocculation or complement-fixation 
test, and for Paul's test 

Cultivation in the chono-allantoic membrane, and also testicular inocula- 
tion of the rabbit have been recommended as diagnostic tests The former 
IS most delicate, typical plaques appearing in three days Either dry material 
or vesicle fluid m capillary tubes may be submitted for those purposes 

Preparation o! Vaccine Lymph. It is not proposed to discuss full> the 
production of vaccine lymph, but merely to indicate broadly the pro- 
cesses involved, with particular reference to tlic purification and standardisa- 
tion of the product Calves are used and the area inoculated is the a bdominal 
skin, after shaving and cleansing with soap and water \’accination is carried 
out by linear scratches about half an inch apart The ' seed lymph ' is 
rubbed into the scratches On the fifth day after inoculation the area is 
cleansed wath soap and water and the contents of the vesicles are collected 
by means of a Volkmann spoon This, material is weighed and triturated with 
four times its weight of 50 per cent glycerol The ‘ gl>cerinatcd lymph ’ is 
then kept at — 1 1® C. The glj ccro! gradually kills extraneous organisms which 
are invariably present in the original matenal Bacteriological examinations, 
including bacterial counts, arc made at intervals , when the number of 
organisms is reduced to a certain level, eg h per mgm , the Ijmph can be 
issued, provided it is free from gas-produemg anierobic bacteria and h.emo- 
lytic streptococci, and conforms to the standard of potency laid down bv the 
Therapeutic Substances Regulations (1944, No 370) Tiic iioiencj of the 
Ijmph should be such that it produces a typical vaccinial eruption, e ^ when 
inoculated into the skin of a rabbit, fn a 1 in 1 ,000 dilution The lymph must 
be kept at a temperature below O^C .otherwise its potency rapidly detenorates 

FOWLPOX 

tills ilueaso exhibits \ .'inousmaruf«^tattuns — nuUuIar Itsions m the Liimb and wattles 
a membranous condition of the mouth or a pnrukut discharge from the nostnls and c>cs 
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derfgnated ' roup •). The virus shoivs many similan ties to thit 
hn if ' ^e?Iu?ar inclusions (' Bollinger bodies 'J and elementary bodies (' Bom-I 
bodies ) have been demonstrated m fonlpox similar to those of vaccinia 

® '** pigeons; but pigeons are resistant to the foM. 

SnJ tn c pigeon-pox, however, produces immunity to fowl- 

(^yle/ extensively used with success for the prevention of the latter (Iisei>e 

A pox disease occurs m canaries and the virus of this condition is also closely related 
antigemcally tothatoffoMlpox. ^ 


CONTAGIOUS PUSTOLAH DEBMATITJS OF.SHEEP 
This condition is characterised by pustules on the lips and circmnoral region, mucous 
membrane of the mouth, cornea, vulra. and other parts. The iiiscase can be reprodarid 
experimentally in Iambs by dermal inoculation mth infective exudate. Laboratori' 
animals appear to be insusceptible. Filtrates have also been found infective, but further 
knowledge o/ the virus awaits ini'estigati'on 


FOOT-AND-MOUTH DISEASE 

This was the first animal disease in which a filterable infective agent was 
demonstrated. In 1898 Loftier and Frosch found tliat the fluid from the 
vesicular lesions of the disease, even after filtration through an earthenware 
filter, was still infective on experimental inoculation. The disease, which is 
highly infectious, attacks cattle, sheep, goats, and pigs, and eNccptjoniifli' 
certain other animals. The characteristic manifestation of the infection 
is an eruption of vesicles on the feet and in the mouth. In this country the 
mortality is low. Cases have been recorded of its transmission to the human 
subject by contact with infected animals and from cow’s milk. 

The disease is easily reproduced experimentally in 
by applying in/ectE'e material, o.g. vesicle fit ' ■* 

membrane on the Jip or mouth. The fluid 
through fine filters, and the virus particles 

estimated diameter by filtration through gradocol membranes is ® 

12 m(< Other methods have indicated a somev\hat larger size up - . 

or even 40 m/< The virus particles apparently . 


the animal develops pyrexia and a vesicuiax wupuvu -yr- 

iated fool, followed by vesicles on the other feet and on the ,|.,t,-on 

takes place in most cases, and the animal is Immune to subseq inlccicti 

with the same strain of ■virus. Rabbits, rats, and mice can 
experimentally, but m them the disease is the rads, bps- 

The virus has been cultivated in tissue cultures made i o j ^ 

tongue, and skm of embryo T.f—n,dlvdcst.O)cdat.;a u, ^ 

IS resistant to desiccation. 

defined, designated 0 (Oise,, ’ / . .... 

these does not confer an effective immunity against ^ nliefhcr the 

types have also been described and there is some u tractors I« 

three recognised types are fixed or stable tn their j 

cattl" •"’mnnitv follomnir infection may last lor s_ (;orrC'’reniiii’;? 

of ai ■ • ' winced b)’ 

viui^ 
!.ir f«hv 


type 

the 


administerod alone or along «ith .1 |«n .iilJiatJ; •' 

cftcctU-c practical propiiylasis by of calllc bt* 


polyvalent antiserum produced by byTcrui 



HERPES ZOSTER 569 

used for prophylactic and therapeutic purposes but is of comparatively 
little practical value. 

Reference has been made above to the extremely infectious nature of the 
disease, and the mode of spread has been the subject of much study. The 
infection is readily transmitted by direct contact, but many outbreaks occur 
’ ■ ■ ' ’ ’ 'T'l j survival of the \'irus in 

' explain some outbreaks, 

. transmitted by healthy 

animal carriers and even by man It has also been suggested that ivild 
rodents may be responsible for outbreaks in cattle, and the infection has been 
demonstrated in hedgehogs. It is still difficult to make any definite state- 
ment regarding all the vanous piossible sources of infection (See Reports of 
Foot-and-Mouth Disease Committee) 

' Vesicular exanthem a virus disease of pigs presenting a definite similarity to foot- 
and-mouth disease', has been studied in America Whether it constitutes a vanant type 
of the latter or an independent infection requires further investigation, but the virus 
difiers in its pathogenicity from the foot-and-mouth disease virus, being non-virulent to’ 
cattle and guinea-pigs {see 5<A Prog. Pep Foot-and-Mouth Dis Res Commtllee. 1937) 

Vesicular Stomatitis ot Horses. This infection bears some resemblance to foot- 
and mouth disease and is naturally communicable to cattle leading also to a condition 


larger than that of foo(<aad-mouth disease and it is also serologically diSerent 


HERPES ZOSTER 

This condition is characterised by a unilateral vesicular eruption having a 
distribution corresponding to that of a sensory nerve, tfg an intercostal 
nerve , in addition to the cutaneous lesions, inflammalory changes with 
lymphocytic infiltration have been described in the posterior root ganglia and 
the posterior cornua of the spinal cord. 

It is now generally accepted that this form of herpes is infective and that 
it IS due to a virus, but quite distinct from that of simple herpes Using the 
vesicle fluid of herpes zoster, Lipschutz succeeded by corneal inoculation m 
producing a mild keratitis in rabbits, but passage in tliese animals could not 
be effected He also described intranuclear inclusions m the lesions Others 
have entirely failed to transmit the disease to animals, which contrasts with 
the easy transmission of simple herpes In the human subject, however, 
inoculation of the skm with material from the vesicles in herpes zoster may 
reproduce the \esicular lesions and, moreover, produce immunitv to re- 
inoculation Such inoculation docs not produce immunity to simple herpes 
Elementary bodies have been found m the \'csiclcs (Paschen , Taniguclii , 
Amies) and cultures luve been obtained in the cliono-allantoic membrane of 
the embrjo chick (Goodpasture and Anderson) Recent epidemiolugicai 
obscr\ ations and experimental work have shown that there is a relationship 
between herpes zostcr and chicken-pox (varicella) and this is discussed uniicr 
the latter disease 


CmCKEN-POX (VARICELLA) 

The inoculation of animals xntli material from cases of varicella has. as 
a rule, yielded negative results . but Ru’crs has recorded in Afncan ver\et 
monkeys after intratcsticular injection the local occurrence of nudear 
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ihf'nirf “ ?> ’s'Kocjtes and less commonly in the (uhule cells of 

rte injected testis, which are similar to those met ivith m the lesions of the 
human disease.^ Elementary bodies have been demonstrated in the reside 
con ten ts (Aragao ; Paschcn ; Amies , etc.). These appear to be similar in 
St, lined preparations to the virus bodies of vaccinia, but it has been shoira hi- 
electron mmroscopy that they are spheroidal or irregularly polygonal as 
compared with the bnck-sb-aped bodies of fhe latter disease. The size 
of the virus bodies of varicella is about 146 m,i (Ruska). TarnWhi and 
associates liave obtained growths of elementary bodies i'n tissue cultures and 
m the chono-allantoic membrane of the chick, Amies has found that 


A definite cpidemiaiogical relationship has been established betn-een 
varicella and herpes zoster. Thus the latter disease, occurring as it usnalJy 
does in adults, may be succeeded by outbreaks of varicella in children, and 
•many cases have now been recorded in which the clinjcaJ conditions 
appear simultaneously. This relationship has been s\ipported by the experi- 
ments of K\indratit. He found that the inoculation of the skin of children 
with fluid from the vesicles of herpes zoster led in about two-thirds of the 
cases to the production of focal vesicles ; this ivas followed in some by a 
general eruption indistinguishable from that of chicken-po-v, and the develop' 
ment of a general reaction mthout a local one was also observed Further^ 
children who had previously had chicken-pox were insusceptible to inocula- 
tion with herpes zoster matenaf. Also those who had reacted to the herpes 
zoster virus were found later to be insusceptible to inoculation ■with varittlU 
matenaj ft shouJcl be noted also that the two conditions have the same 
incubation period and exhibit similar histological changes Cross agglutina- 
tion and complement-fixation reactions have yielded results confirmatory of 
the above findings as to the close relation of the nruses of varicella and herpes 
zoster (Brain , Amies) However, there does not appear to be a complete 
antigenic identity of the nruscs It has been suggested that the viruses o 
Iierpes zoster and varicella arc identical and that the clinical differences m 
the conditions produced depend on the individuals attacked , for 
that in the adult herpes zoster is more likely to result whereas in he c i 
varicella occurs. Whetlier such identity e.xists or whether the iims 
distinct (though closely similar jn most of their characters) mus re 
meantime an open question. 


HERPES SIMPLEX 

Tlie etiology' of simple herpes has been extensively studied, 
proved that the vesicular fluid of certain clinical types (Ca- 
comealis, genitalis) contains an infective fyrm ot simple 

showed that the vesicular fluid of herpes protliicing a 

herpes, was infective for rabbits when inoculated on i theinfec- 

Kerpetic keratitis similar to herj^ comealis m • 5 „.a^ rendered 

tion being transmissible in a senes ^ ban? 

inactive by exposure to a temperature oi an c. io« evnenmeatal 

” .17- C. for twenty-four hour, fhe e 


Also it has been shown tnat xiiatciirtx 
moculated into the skin or cornea in 


man. reproduces 


qiient workers, 
r. rabbit, when 
,Ue 
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vesicles The herpes virus possesses practically no capacity to attack the 
nervous system in the human subject, though rare cases of encephalitis due to 
It have been recorded (see Burnet) , but its neurotropism in susceptible 
animals may be considerable Thus, \\hilc the experimental keratitis in 
rabbits may ultimately clear up without any further effects, in a certain pro- 
portion of experiments, as first shown by Docrr and his co-w’orkers, the virus 
attacks the central nervous S 5 'stem and produces meningo-encephalitis until 
death of the animal The symptoms comprise pyrexia, muscular mcoordina- 


condition has proved of great interest m \new of its similarity to the changes 
in the brain m encephalitis lethargica and m animals inoculated with material 
from cases of this disease (vide p. 550) Apparently, m animals, the herpes 
virus may spread along motor and sensory nerves from the penphery to the 
central nervous system, and m the brain and cord the resulting lesions maj' 
be anatomically related to the nerves by which the virus has entered It has 
been shown that the subdural inoculation m rabbits of matenal containing 
the virus either from the human subject or cxpenraental keratitis produces a 
rapidly fatal encephalitis, and this condition is then transmissible m a senes 
of animals by subdural inoculation with brain emulsion , further, corneal 
inoculation with brain emulsion produces a herpetic keratitis and m some 
cases encephalitis A general herpetic infection in the rabbit has been 
produced by intravenous injection of the conjunctival secretion of an animal 
wth experimental keratitis Herpetic keratitis of rabbits is also transmiss- 
ible to guinea-pigs (Doerr and Vochting and others), and by intracerebral 
injection the virus can be transmitted to mice with resulting encephalitis 
The vesicle fluid inoculated by scarification on other sites m the same person 
ma> reproduce a herpetic condition The virus has also been found in 
the blood and the spleen of oxpcnmentally infected animals even in the 
absence of generalised lesions , and in a human case of herpes simplex the 
cerebro-spmal fluid has been shown to be infective for rabbits (Havaut 
and Rabeau) 

The herpes virus may be found m the saliva of healthy persons (Levaditi, 
Harvier and Nicolau , Docrr and Schnabel) and inapparent infection bj tins 
virus IS an exceedingly prev'alent condition Thus the occurrence of licrpes 
ma\ be explained b) supposing that the virus is activated b> intercurrent 
factors such as a febnle illness It has also Ixien shown by Dodd and others 
that the herpes virus causes aphthous stomatitis (acute infectious gingivo- 
stomatitis) in young children and possibly after this the infection persists m 
the individual for long periods, even throughout life It has further been 
demonstrated that man> persons have a neutralising antibod) for the virus 
in their serum, which would indicate the persistence of the infection It 
seems likeh that children tirst become infcctetl from adult uirners 

The virus of herpes genitalis has proved to be less virulent for the rabbit 
than that of herpes febnlis Wlietber it is identical vMth that of herpes 
febrilis or represents a separate vanctv is doubtful 

\ rabbit whiili has recovered from exiicnincntal herpetic keratitis is 
immune to further inoculation At first the inimunitv is most marked in the 
cornea of the s.imc eve but later the other cornea becomes insusceptible to 
inoculation, an<l this refractory state becomes intensified o\er a penod of 
several months After reroverv from corneal infection the animal is insus- 
ceptible also to intracerebral inoculation with herpo virus The scrum of 



dermotropic viruses 

^ecove^edanimalsneut^alises^hevi^us(Zinsse^andT^nfT • RoHc 

The immunity persists for three months. According to Fle.'iner and^moss ’ 
strains of the virus vary considerably in virulence ; ' those of low r-irulence 
produce encephalitis only when inoculated intracerebraily Further hr 
prSured'^ ’"'““"“y *“ strains may be 

A remarkable ‘ interference ‘ phenomenon has been reported by Masrassi 
and more fully described by Doerr and u«.'d„-i— . ■ ' I 


^ ***i».J vdi, iiie length of which varies according to 

tne site of inoculation, but which is within the incubation period, it receives 
an additional inoculation, this time intracerebraily ivith the rNf 

wrus The result is th'** ’ “ ' ‘ 

in good health and belt 

between the inoculati . .o loo long or too short protection is not 

obtained and the animal dies of encephalitis. Proterttnn ?e .nw-:— -» 
aftercorr®''’ 

The e.N'pl. 

tion on t. -..UWW.C. 

The virus of Iierpes simplex is one of the larger viruses, being 100 to 150 
mn m size Though filterable it does not readily pass even the coarser 
earthenware filters and there is apparently considerable adsorption of the 
vims by such filters. It can be cultivated readily in the chorio-allantoic 
membrane of the embrj’o chick and in a medium of minced rabbit testis 
made up in rabbit plasma and Tjxode's solution. The development of the 
virus in the chono-allantoic membrane is associated with nsible lesions or 
foci, and the dt^ee of infection of the membrane can be assessed by the 
number of these foci In the epithelial cells of lesions, eg- of the 
cornea, and in nerve and glial cells of the brain in encephalitis of the rabot 
acidophile intranuclear inclusions have been demonstrated, the so-ca e 
‘ Lipschutz bodies ' (Lipschiitz , Goodpasture and Teague). Thej’ 
size but may occupy most of the nuclear structure of the cell The same }p 
of inclusion can be seen in the cells of cultures _ . 

The relationship of the herpes and encephalitis lethargica viruses ^ ^ 
suggested in view both of the e.xpenmental Production of eticep a ' 
knoum herpes viruses and also of Levaditi and Haniers I,.,- 

by means of brain emulsion from rabbits infected with a supi^'ed ^ 
virus, expenmental keratitis could be produced followed 1^' and 

itis. In fact, Levaditi, Harvier and Nicolau concluded tha j type 

encephalitis viruses were identical, the former being only a e>s pf 

of the latter This has been considered earlier in regard o available 

encephalitis lethargica, and it may now be concluded from ^ 
evidence that the herpes virus is not the causal agent o i 

MOLLUSCUM CONTAGIOSUM 

This IS an infectious disease of the skin characterised suppiirate, 

or papillomatous lesions which undergo necrosis, brea ^-nread in sMam- 
,nth later spontaneous healing. The infection is frequently sp 
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ming baliis. Its vinis ctiologj* has been fully cstablishc<l. Thus, filtered 
material from the lesions inoculated m the skin of the human subject has been 
found to reproduce the disease (see Findlay). Ammals are not susceptible to 
inoculation. Highly charactcnstjc inclusion bodies, ' molluscum bodies', are 
present in the cytoplasm of the cpitlichal 
cells of the lesions These arc spheroidal 
or pear-shaped, measuring 20 /■ to 37 /« 
in diameter and arc acidophile in their 
staining reactions These bodieswcrefirst 
descnlx’d by Hendcr.son and Talerson (in 
Edinburgh) m 1811. ^^anoMs obseners 
have shouTi that the molluscum Ixxly 
contains large numliers o! minute ' ele- 
mentary’ ' granules similar to those of 
certain other \inis infections and this . 
has l»cen established by v.an Rooycn 
who has studied the mclusion bodies by 
nucro'disscction methods He has abo 
pointed out that the outer covering of 
the body is of carbohydrate composition. ,,6 m rucimn microKr..ph oi cie. 
The elementary bodies arc about 0 25 it immatv ix»iirs oi Moiiuvcum con. 
m diameter (see Lirsclrati| ; t)y electron nta oi''.’ i!,S 

microscopy they have been described as tiiromuim, »o ti>at ihe leniutis 

8omcttliattiuaclrangtilar(FiR 108) Tlicj- 

probably reprcsoiit the actual Virus units ami * 211 , 1 x 10 (Ptepared 

and tlie inclusion body seems to be a j'Jj.'.'i v.rS.°'l'n/!;i™f,'’t;m.‘ 

developmental phase resulting from the 'mit> otioronto) 
growth of the virus m the cell. 

For diagnostic purposes fluid from the lesion is expressed with forceps 
and placed on a slide, wnth a drop of liquor potass® added, and examined 
microscopically under a cover glass The molluscum bodies are easily seen 
with a dry high-power lens 11 Lugol’s iodine is substituted for the liquor 
potass®, the bodies are stained a deep brown A solution of 1 in 2,000 to 
25.000 bnlhant cresyl blue in 0-80 per cent, sahne makes them even more 
conspicuous, staining blue inside the cell cytoplasm 



WARTS 

The infectious nature of the warts winch are common m childhood has 
been established, and the fact that the v’lrus is filterable has been confirmed 
by Fmdlay and others , also it survives the action of 50 per cent glycerol 
A similar infectious agent has been jiroved to exist m specimens of coHiyfoma 
acuminatum and probably in other papillomata, such as those of the larynx 
in children In dogs and cattle inlectivc irarls are also met with According 
to Findlay's observations the virus ot dogs’ warts is not infective lor man . 
further, an immune serum whicli neutralises the human virus has no elTect 
on that of the dog Bodies have been described both in the cytoplasm and 


which frequently become epilhehomatous (Rous and Beard) 
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VIRUSES {continued)~yKLLO\\ FEVER : RIFT VALLEY FEVER • 
INFECTIVE HEPATITIS AND HOMOLOGOUS SERUM 
JAUNDICE: DENGUE: PHLEBOTOMUS FEVER- PSITTA- 
COSIS. ETC. : LYiMPHOPATHIA VENEREUM fLYMPHOGRAX- 
ULOMA INGUINALE). TRACHOMA: INCLUSION CON7UNC- 
TIVITIS ^ 


YELLOW FEVER 

Yellow fever is an infective disease which is endemic in West Africa, the 
\\ est Indies, Brazil, and other parts of South Amcnca. From time to time 
serious outbreaks take place, during which neighbouring countries also suffer, 
and the disease may spread to other parts of the world In this way epi- 
demics have arisen in the United States and elsewhere. In countries where 
yellow fever is endemic, though usually a few cases occur from time to time, 
the disease may remain in abeyance for many years and then originate 
apparently de novo. The evidence points to continuity being maintained 1^’ 
the persistence of a mild type of tlie disease (‘ bilious fever ') This would 
explain the degree of immunity which is shown during a serious epidemic by 
the older inhabitants Till recently yellow fever was regarded as ailecting 
pre-eminently urban populations, but it has recently been disccA'ered to 
exist in country districts in Brazil and elsewhere. Wild monkeys arid other 
animals are naturally infected and constitute the source from which this 
‘ Jungle Yellow fever ' is transmitted to man. The virus is transmitted 
by the bite of certain mosquitoes, in urban areas especially Aides 
This insect occurs also in regions where yellow fever is not iound at present, 
e.g. India Accordingly, precautions are essential to prevent the introduction 
by aircraft of infected insects or of patients at the infective stage 

Great variations are observed in the severity and clinical types un er 
which the disease presents itself, and there may be confusion with leptojpi ^ 
jaundice. In a typical case of the severe t)'pc after from two to si\ 
incubation a sudden onset in the form of a rigor occurs The . 

rises to 104° to 105° F. , the person is lhad, with outstanding bloods first of 
there arc present great prostration, pain in the b-i k and \ 'imiting, a 
mucus, later of bile The urine is diminished ami contains a 
the fiftfi day an apparent improvement takes place, and ^ few 

recovery Frequently, however, the remissioi . which may 

hours to two days, is followed by an a^wvatU'i of all the P 
temperature rises, jaundice is observed, vomit 

mucous surfaces, causing, in the case of th >tomach, t ^ ‘ and 

one of the clinical signs of the disease in iV* worst form ^ 
cardiac collapse usher in a fatal issue. Lhe , ‘ Roth white and 

epidemics from about 35 to 99 per cent jf those attac ■*' - frequcntlv 
black races are susceptible, although r the utter t e ‘ jhan new 
mild Those who have resided long in < country are e s , immunity 
immigrants An attack of the disease usually confers cample. 

against subsequent infection. .taraacli slious acute gastrins. 

Pat iioLOGiCAL Changes Post mortem the stom 
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nnd contains much altered blood derived from ha:morrhages which have 
occurred in the mucous and submucous coats Tlie intestine may be 
normal, but is often congested and may be ulcerated , the mesenteric 
glands are enlarged The liver is m a state of fatty degeneration of greater or 
less degree, but often resembling the condition found in phosphorus poison- 
ing The kidneys show intense glomerulo nephritis with fatty degeneration 
of the epithelium There is congestion of the meninges, especially in the 
lumbar region, and h?emorrhagcs may be present The other organs do not 
show much change, though small hamorrhages under the skin and into all 
the tissues of the body are not infrequent In the blood a feature is the excess 
of urea present, amounting, it may be, to nearly 4 per cent 

Histologxcal changes in the hxer The changes are highly characteristic 
(the ‘Councilman lesion ') Tliere is a hyaline necrosis of the Iner cells 
throughout the lobules, but most pronounc^ in the middle zone , along with 
this there is marked fatty change of the sur\uving parenchyma m the central 
and peripheral zones and in the non-necrotic cells situated among the 
necrotic ones The absence of harmotrhage. inflammatory changes or collapse 
of the lobular structure is also a marked feature 

An instrument of the nature of a large trocar, the ‘ \iscerotome has 
been devised by means of which specimens of liver tissue can be readily 
obtained post viortem for histological examination in order to confirm or 
exclude yellow fever The method, which obviates an autopsy, is applied 
routinely m all cases which have died less than eleven days after onset of a 
febnle illness 

Transmission. Long before the actual virus of the infection came to be 
in\estigated, it was suspected that a mosquito acted as tlie intermediary 
host, and in 1881 Finlay claimed that Slegomyta fasetaia (now designated 
Aides ag}pti or calopus) was the vector of the infection In 19U0 a United 
States Army Commission tested this hypothesis Selecting mosquitoes which 
they had roared from eggs, they allowed them to bite yellow fever patients, 
and then to bite healthy men Of several expenments of this nature tw'o 
were successful, the first individual to be infected m this way being Dr James 
Carroll, a member of the Commission, who passed through a typical severe 
attack of y’ellow fever Experiments on a larger scale were completely con- 
firmatory , of twelve non-immunes living under circumstances which 
excluded natural infection, ten contracted yellow fever after having been 
bitten bv mosquitoes which had previously bitten yellow fev cr patients , all 
recovered Two of the men who were thus infected had been prcviouslv 
exposed to contact with fomites from yellow fever patients without results 
(jirf^ tn/ra] The investigations of Guiteraa were earned out along similar 
lines of seventeen individuals bitten by infected mosquitoes, eight took 
yellow fever, and three of these died 

The species of mosquito used by the American Commission in Cuba was 
the Aedes cegypU Subsequently it was shown m West Africa that several 
other species of Aedes can transmit the infection It has been determineil 
that a certain period must elapse after the insect has bitten a vellow fev er 
patient before its saliva becomes infective to another subject The length of 
this period depends on the temperature It may be as short as nine da\ s , 
at 2‘2^ C it IS at least three to four weeks , and at C the virus may not 
develop In expenments m which the infectmty of the mo»quitoes was tested 
bv their biting monkeys, the insects when kept at 37° C became infective in 
four davs (Davis) The virus, howev’cr, can be shown to be continuouslv 
present in the bodv of the mosquito from the time it has ingested the infective 
blood Infected mosquitoes retain the power of infection for a considerable 
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time aftenvards-nincly days or Jonger. It has also been shown that mos- 
qmtoes may become infective after biting a patient on the 6 rst, second, or 
tilled da> of the disease, but at a later period the results are usually negative 
presumably because the vims is no longer present in the blood. Hereditary 
transmission_of the virus through the mosquito’s eggs apparently does not 
occur under natural conditions. 


Witli regard to the possibility of communication of the disease directly 
irom patient to patient, it was concluded after careful e.xpenments that the 
disease cannot be transferred in this way, even when the contact is of a 
cJoic character. In a specially constructed house seven men were e.xposed to 
the most intimate contact with the fomites of yellow fever patients for a 
period of twenty days each, the soiled ,garmcnt5 w’om by the patients being 
in some cases actually slept in by these men , not one of those thus exposed 
contracted the disease. Tlicse results have been subsequently confirmed. 

The American Commission also transmitted yellow fever to healthy men 
by injecting small quantities of blood or of serum taken from a yellow fever 
patient at any period up till the third day of the disease. The period of 
incubation in this case is somewhat shorter than when the disease is con\e5ed 
by the bite of mosquitoes, the average duration in the former case being about 
three days, and in the latter about four days, though these times may be 
considerably exceeded. The blood or serum used in these experimental 
infections was found to be free from bacteria. That the blood is highly infec- 
tive in the early stage is also shown by the fact that the disease has been * 
contracted in the course of the manipulations incidental to making a count 
of a patient's blood {Low and Fairley). 

Jungle Yellow Fever. Soper et al. have discovered that in Brazil and 
in America, vcllow fever c.xists in sparsely populated 


in the tops of trees and maintains the vims tnrougii mu ui> , 
the infection is transmitted by the mosquitoes to monkeys and marsupiais 
well as to man is indicated by the presence of ‘ 

The infected animals arc never ill and the vims persists in their blood 

few’ days only. The infection can also be transmitted to monkeys b} i 

of mosquitoes ^ and 

Experimental Infection in Animals. The discc • ery by Stokes, „ n 
Hudson, working m West Afnca as members of a Commission o e 
feller Foundation, that certain Asiatic monkeys, especially ^ , 

arc highly susceptible to the disease led to further importan ^ 

knowledge regarding the behaviour of the xirus and immuni y p . 
Susceptible monkeys may be readily infected by subcutaneous or 
toneal injection of material containing the virus, c g. the b ° 
the first three days of the disease, or even by smearing mi rtiosouitoes. 

hv the bites of infected mosqun 


intact sfan ; they may be mfected “ ordlngto 

inoculation, but is usually tnrcc lo lOur days “**'' *'“ ‘ ^asis and 
mosquitoes, marked p>Texia dex’clops.^and th^en black vomit 


After an incubation penod, which vanes 


bile in the urine, and jaundice Bleeding from from animal 

occasionally occur. The infection can be maintaine > p virulence of 
to animal by inoculation of blood or an emulsion o . ttjth a 

the virus appears to vary, but in the rase of i * jjealh occur- 

recently recovered virus the result iras almost Ajj^ological changes 

rinc usually six to ten days after inoculation. intranuclear 


ring usually - ^ 

closely resemble those in the human disease. 
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inclusions have been descnbed in the liver cells in monkeys infected \vith 
jellow fever by Torres and others (Fig. 159), although they are rare m man 
The infective agent is abundant in the blood or serum of affected monkeys, 
since 0-0001 c.c. injected subcutaneoosly into a susceptible animal wall usually 
transmit the disease. It has been proved by inoculation of monkeys that 
cases of mild febnie illness which conld not be diagnosed clinically as yellow 
fever, may have the vims in their blood As a rule the virus has not been 
found in the organs post mortem in human cases African monkeys, gumea- 
’ ‘ ’ • * Q insusceptible, but the hedgehog 

• passed in series through mice by 
intracerebral inoculation. As a result of such repeated brain passages a 
' neurotropic ' strain is produced, which on inoculation into monkeys sub- 
cutaneously is found to have lost the original ‘ viscerotropic ’ characters, 
although a spontaneous re\-ersion to the latter may occur (Findlay and 
MacCallum). The neurotropic vims 
causes encephalitis when injected intra- 
cerebrally into mice, monkeys (includ- 
ing species insusceptible to viscerotropic 
\nrus), and certain other animak In- 
jection of the neurotropic virus directly 
into the liver of monkeys rapidly re- 
stores its original viscerotropic property 
(Findlay and Clarke). 

Properties of the Virus. E;cpen- 
ments with regard to the behanour of 
the yellow fever virus were earned out 
by Reed and Carroll ; they found that 
it was very easily killed by heat, as 
blood from a yellow fever patient lost 
its infective power on being heated to 
55® C. for ten minutes (on the other 
hand, it is highly resistant to freezing). 

Blood or serum was found to be stUl in- 
fective after having been passed through 
a Berkefeld filter This was confirroed 
by a French Commission, with the additional result that the virus passed 
through a Chamberland filter (F grade), but not through one of a finer 
grade (B) These facts led to the classification of the parasite among the 
group of ultramicroscopic or filterable virases By filtration the size of the 
virus has been estimated at 17 to.28 m/i (Findlay and Broom). Attempts to 
demonstrate the organism by microscopic methods have failed 

Multiplication of the \'irus has been obtained in a medium resembling 
that used for vaccinia, but containing mouse embryo instead of chick 
embryo, %vith normal monkey serum , growth is favoured by oxygenation of 
the culture (Findlay and MacCallum). Growth was got subsequently m 
minced chicken embryo tissue. The vims also multiplies in the chorio- 
allantoic membrane of hens' eggs 

Immunity. Recovery from yellow fever is followed in monkeys as m 
man by immunity The serum of such immune indmduals, even in small 
amounts, confers passive immunity against the virus On the other hand, 
the serum of the naturally insusceptible African monkeys and of individuals 
who have not been exposed to infection does not possess this property, hence 
the presence of protective powers in the serum may be taken as evidence that 
37 



toxylia eosin (From a prepara- 
tion by Dr Cr M Findliy) xSM) 
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", K “I imwmlty tests is 

W i^t • ‘hat the J'dlow fever of South America and 

'Ivl , """ 'defltical. sinre recover}- from the one infection is followed bv 
resistance toward infection mth the other. Similarly the serum of recovered 
indivitlaak confers passive immunity tmvard either virus The scrum of 
insusceptiMe amraals, e.g. horees, which have been injected mth the rims 
acquires anti-infectivc properties, as is shmvn bv miving it mth a fatal dose 
of the vims and inoculating a susceptible animal. Such antisenim. as iirij 
as that of recovered cases, has ^n used for curative purposes both in the 
natural and the e.\-perimenl3l disease, but onlv slight results have been 
obtained. 

Saui'er and Link'd hax'e de\7sed a method of testing serum for I'lms* 
neutraJising properties which depends on the use of mice. The scrum is. idded 
to a suspension of the brains of mice infected udth the neurotropic virus and 
the mixture is injected intraperitoneally into a mouse ; at the same time a 
small amount of boiled starch solution is injected intracerebraJIy, so as (o 
localise any unaffected virus If the serum lacks neutralising j>o«er, death 
occurs from encephalitis Frobisher has obtained a complement-hvation 
reaction ^vitli the serum of convalescents from yeWoiv fever, using as antigen 
a saline extract of monkey's organs containing the virus. This method may 
pro^^ of use in the diagnosis of recov'ered cases which hav'e not been cUnkally 
characteristic. 

.\ccording to Hindle. the nature of the immunity folJowm? reenverj hiv not bren 
(uUy explained, since liver of spleen of an actively immunised animal when perfum’d 
till free from blood is capable nevertheless of producing immomty wfeen mject^ into a 
susceptible monkey Immunisation with the virus appears under certain condition' 
to produce supersensitiv eness to the disease ; thus a further injection of a Idr^e amount 
of virus administered several months after a previous do>e may lead to death of monltevs 
within thirty-siv to fortj*-ei?ht hours with sjmpfoms resemWing tho«e t>l ;ri)ow fever 
Post tiMrtem the organs are free from virus, so that the effect appears to be of toxic 
oarure 

Pbophvlactic I-VOCfLATiov. The fact that inoculation with Hmc 
virus modified in viAiIence, gives rise to antiviral properties in the ^nim 
has led to methods of prophylactic inoculation in the human subjrci. 
The virus used has been cither the neurotropic strain or a jiantropic 't ' 
attenuated by prolonged cultivation tn vUro. ami the innocuousness o ^ 
vaccines has been proved. But in order to avoid nsks in suscepU 
either convalescent human serum or an immune serum from hor^s v\ 5 
jected along vv^th the living virus. The efficacy of 

proved by *’ ' *" fever shown by laborator} 

protected, s a 

those enga,^ ■ _ . > 111 - 

vaccine has been increased by growing it *» virtw m 
biyos (rca. "lieriscerol^Ti. 

it aa longer becaine -.bunto 
mis known as ^:,_,fcso/mfeclive 

human serum w’as added to the v’accjne j the vaccine heine 

hepatitis V ) resulted. Accordingly, scrum in ch.ek 

prepared from a suspension in distilled water of th J’^jned and it 

embrjns in the egg The etenlity o! tte ®pf>« “'.'"f; 

dried from the frozen state m ™"'“ i„ saline ami ■"1“";' 

beloiv 0" C. until required for use. n.en it K ,«al or gene ■>! 

suboitaneously mlhm one hour. ^ ay littfe vacri/ie (Ifers"' '' 

harfolloaed in over 000.000 administratmiB of the 'oeoiii 
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Immunity remains high for at least four jears afterwards. The efiicacy of 
such vaccines has been established by extensive field tnals in South Amenca 
(Bugher et al ) 


' RUT VALLEY FEVER 

This disease was described in 1931 by Daubney et al in Kenya It affects 
sheep chiefly, causing a high mortahty among lambs, but cattle and goats are 
also affected It has been transmitted to the human subject by inoculation 
with a filtrate of infected tissue , a number of laboratory workers also have 
contracted the disease from contact with infected animal material In man 
the attack resembles that of dengue The virus is present in the blood for 
nine days after the onset. In sheep the characteristic lesion found post 
viortein is focal necrosis of the Iwer, and intranuclear acidophile inclusions 
ha\e been found m the liver cells The virus is widely distributed m the tis- 
sues , it survives i« vtiro for many montlis at 4** C in a mixture of oxalated 
blood and gljccrol Proliferation occurs m a medium of chick embrjo and 
Tyrocle solution and also in the chono-allantoic membrane of hens eggs 
Filtration experiments indicate that the virus p.irticles have a size of 23 to 
35 rn/« Monkeys and various rodents, including rats and mice are suscep- 
tible In mne death occurs in two to four days after inoculation by various 
routes The \ irus can pass through the placenta to the einbr\ o Kccos er\ 
IS followed by the appearance of protective properties in the scrum, and 
cross immunity tests have sliown that the virus is distinct from that of yellow 
fewer and dengue (Findlas) Tlie natural vectors arc probablj mosquitoes 
Mice can be successfully immunised with virus which ha» been inactivated b> 
meihvlenc blue and exposure to light, oh bv formol It is essential that a 
concentrated dose of this vaccine should be injected (Mackenzie) 


INFECTIVE HEPATITIS AND HOMOLOGOUS SERUM JAUNDICE 

1 he term infective hcjiatitis now applied to an illness iharactcriscd bv 
fever and icterus which usu.illv runs a licnign course and which oiciir?. m 
(ireat ISritnm and wndclv throughout the world Cases mav l>e sjiorathi or 
in epidemics From the frcqiicncv of this disease among troops on aitive 
servue It was sometimes called 'lamulue of campaigns OnginalK the 
infective nature of the ctindition was t>ostiil.itcd on ilinual and epulemio 
logical grnuml- . it w.ls classed as ' simple catarrhal jaiindu c and it was 
recognised as not lictng tine to a lejdo^pira DiNea-'O of a similar nature was 
then tr.ued to the injection of |>rodiirts lont.iinmg hum.in scnim, such .is .i 
vaiiine for the proj*li\la\is of vcllow fever. convalcMcnt measles srnim (<>r 
norm.il .uliilts' serum) administeml tosusteptililc children for the purj>ose of 
nwhfvmg or preventing an att.uk, and to this form the name of homologous 
.scrum jaundice was gnen It was a|s« noteil that jaiimlK r wlm h i« jirone 
to devcloji in juticnts receiving courses of treitinent with organu .irsenu al 
anti-s\i>hihlic <lrugs. ocuirred esjK-ciaJIy where thrre was failure to stenli'C 
all the app.-ir.itus Ix^twecn smrcssice treatments so that there w.is the 
ojqvirtiinitv for one patient to receive hlorMl from another ' |>ost .ir-jihin 
amine jatindK e ‘ The imderU mg lesion in those forms of j lunilu e h.is ntiw 
lictn sjuom to Ih' an acute hrpitilis. which in a <m.ill j>ro]>oriiun itcvclojis 
into .u utc vcllow atrojihv (see Dihle cf ii/ . l.uckt') 

■sinie the mvcstig.itioti of homologous s«rum |nindire h.vs aflorilrtl a < lue 
to the lauwlion of such ictcru diseases an account of it will now l>e given 
(sec M.ii< .ilium. I'JIC) I'lndlav and Mac< alhim and others noted ihc 
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occurrence of jaundice in persons who had received injections of yelii 
fever vaccine, tlic intcrv’al between the administration and the onset of fUn 
varying from five weeks to seven and a half months. The \’iruso(jeft 
fever could not be demonstrated in these cases ; also jaundice follonedt 
vaccination of persons already immune to yellow fever as the result ofaprr 
ous natural attack. The vaccine was sterile as regards ordinary bactena a 
no organisms could be detected microscopically. By a process ofexdusi 
the apj)arently normal human scrum present in the vaccine was consider 
to be the vehicle of the infection. Confirmatory evidence that thejaued 
in such cases occurred altogether independently of the yellow fever vinis’s 
afforded by the observation that among a group of children who had recar 
humah scrum from convalescent measles patients with a view to prophylai 
cases of jaundice developed about eleven weeks later ; thus out of aboct c 
hundred who received one batch of jiooled sentm, over one-third w ere affect 
and seven of them died (Properf ; AfacNalty'j. Othcrsirailaroutbreaksb 


tion has not been confirmed (see Hoyle). The presence of a vims oe 
demonstrated in the blood in the prc-ictcric stage and early in thete^ 
by parenteral inoculation of volunteers. Positive results have beenob ^ 
also by application of naso-plmr\7igcaI washings intranasally, 
ingestion of frcccs or scrum. Thc'ictcrogcnic factor passes « 

also it resists 0-25 per cent, phenol, exposure for an hour at 56 
medium, or freezing or drying for many months In 
suffered a heavy outbreak of * scnini jaundice ‘ among thwe ivnow 
prophylactic injections of a yellow fever vaccine containing 
(Sawyer et al.). It has been shown also that in at least ^ 
of jaundice following administration of organic arsenical drugs an 
virus is present in the blood serum. „ar 


Naturally occurring infective hepatitis was prev’alent ui 
iU39-45 in the Mediterranean area and the Middle East . jinor 

Kirk). The incidence of this disease was much niore ireg 

» - 1 Inhabitants, u'" . 


British and American personnel than in the native 'j-tion 

together with other epidemiological evidence, pointed to the arcs, f 

a mild endemic one wliich affected most severely ^-eefori 

infection being spread from a ficcal source, and flies afut 3 

presence of a virus was proved by the production of -rcwherecei’’' 

incubation period of three to five weeks, in human ^5-9 r 

pirr os fscal material from cases. Filtered serum heated a _f 0 ( 3 uced|* 

hour, when administered cither by mouth or parenteral ), r j.g.p^n 5 ib 

disease. In its biological properties the virus is similar ° 

for the other fonns of infective jaundice, but it remains o 

there are several such varuses affecting man or only one [ 

and Mitchell). The production of the disease by earner J 

volunteers who had recovered from serum 

been taken as evidence of a difference between the ^j^pai-ed 

much longer incubation period of serum 

natural form has also been regarded as indicating a oin 

viruses. > 

V dengue _ 

Dengue is a febnle condition presenting a 
characterised by pains in the joints and muscles, and 
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have nn cttcnNjvc RcoCTi'J'liical djxtntnitiun Tlic (ever la^ts alxMit siv days, 
” bul the jicrKKl varies , tiscre is a tcnmnal skin eruption, which is characicr- 
'■ isUr and wfiich doo not exrctir in jdilebotomus lever or the other febrile 
:• illnesvri met with In tropical and Mibiropicnl countries Ashburti and Crant, 
, workinc: in the Philippine^, found the blood m this discav: to lie infoctnc 
_ alter filtution throm;h a Ikrkefeld filter Tlic nrus di‘;apj'car» fmm the 
, blcv>«t alter tin- first few iU\s Inlcctisity is retained fur some davs when 
blootl cotiiaimnK the \jrus is kept a! room tempenaturv. but is <lesitovcd m 
half an h<mr at f/P C. npidcmioloj:ical cvnlencc jwints to the mh'ction 
kinj: tranMjnlted naturally bv the bites of A/Ja the nuws^uito 

which aUo fonwj.'s yellow fever , and this has been wrifierl exjv'nmentalU 
CleUud et ii ! ). Tlje inh-ctmiy of the insect develops after an meiitwtion 
p n'wl which iH oxer a wi'ek. priuidii! tfut the ts'injicralurr is .syfrtci''ntl\ 
- lueli (20 I’ 1 , and then it persists t!»r*m,;h»»Hl hfe Apjvirentlv, howeser 
' the iiwct nnv l>e infecuse at ane.ithrr date, .ind tins has rai'-'d the quest ton 
as to whcthir there mas not tw sf\s*ral m>xles «»1 Imnsinissinn Tli'* unis 
i’ IS not fnrediianfv iransnnttitj m the mfecttsl mo-jpjito's 
f,‘ also acts as a transmittir , but attempts to e»>«\cv the inh-ctnni 

tiv Cnfei fjhr,ans ln\c, ns a mle. faded Kecosers hsuls lo immunds 
> sshn li im\ . howTser. lie' of diort durali«m. as a vumd attnek ha< <h*vclo{it tl 
hss fh,i!i (wo m-mths .after the first ,\ct<mpts todem-instrate anti-nif'Ttisr 
projutiii-s in the v-rmn •>{ eons-a1ev< nts bi\e failf<l alv» an antiwTuni 
winch iieutr.sltMS the sinis of \e)Irm «s Without ai Iton on (hit of 

d« iu'»e It would apj» ar thit, as m the rase o! v* flow f«'M r. there is luihihlv 
(o f.jftfijoott chnicilh l•c•tl»e(•n certain tvfx's of ^\rds dtseaw .md «!en,riie 
'» nn<l (Iwt (he same appln-v to phM»oi<»m«is lesrr 

IMuirrtii} dioiieilUnt the bJ/ynl «pr senim <d <rinnei {k,,‘s fne ,J.iv> after 
an iiqettioii of inhs'livc IjI ukI iinv still lnrUmr active \«us as irstrd tiv 
II, -K iihli’Ui of the hUfinn stibptl Tlir virus survived simdirlv l:» v.in-.us 
s-' iiih'i animib ‘'vbin rf al *ne.-.-ed.d n tai'in.; the viruhiKc lor inur b\ 
Ujliv«i*hraJ {ass.n:rs ihliuji'h vvi> stmn,e animiJs >}r« totwtdvr <Jjvs oM/ 
bie»il\ jiis,.»ces vnnl ‘ll< r lot the limiiin subjei t w IV piiwcrsvd Irit liter 

e- I*-, .lined nd'j ctj .mrl tl»r atlrnmted virus «outd Ir nwsl {i,r piophvLvi tu 
1. Ituie apjeur to !»- wn.*! vimimu'd ».Ka!K di»tu'<l sitjji.^ 

' K ‘ oivd i.*< ni Ills not 1 «-t ri i hr.tiheil 

rjILEnOTOMUS (SAM>n.Yi rZXKR 

a" 

In lie tilt'-jal tJjejr isiurs * «I.w LU'inn p>p;nli i 

t‘ 4?j t»i5w-d I'S lest; , in 1 pains I'j ll e c>.is-l<-s t*stui.; f • aUeii ts ne .j ,% » 

' ( wr I )w s 1 irsst »l J ro'. 1 }’f-r»tfall 'U t'Ut VrTV r irelv li.1V 1".* •» f ll il 

If. ,e » \-i Jif-.ih it.e „ f,d-V |„ W 5-wd .1.- . j!h with h ,>• - 

' c'-'i i'lf'- iJ • ’ t-ee m a'. I \v* • rj j \ t.m Xar I’r-e ive u ( m- 1 “i 

tt ' ■ 1 t --tl If' 3 a! i’. 1 s cl<c*inj;vr~ t* *tt a'ln (aiJ ' - I- ft-rs -i 

,-.-4'. -"V VI t1 e t • .-« t •.*, t iLv*. 15.- » .*» Mi'.- .i i-j., ! 

'' p ' . •• • 1.1 1 . ( . ! t’ r OTO-I {' M 4 t s»e { { ifv. » S > e ' • sf d i V • i » c.‘ e d; . •« 

, ^ t' ' A \ r t »! ! ^vl «a* t **. s'- »' t -tiV I ti’ri 4fl 411/ * 

, ‘ t » ',f T* .- ! «a. , e i 1>> 1 Jt-re ?.* 1 
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summer season Doerr considered there was justification for the popular view 
that It was associated with the bite of the dipterous fly, PhkUtomu paipi. 
lasn. This was borne out by the fact that on feeding such flies on a sfcfe 
person, transporting them to a locality tree from the disease and allmvinc 
them to bite healthy individuals, the affection was reproduced. An aprar- 
ently identical disease occurs in Malta, and was first investigated by Birt 
under the name of ‘Phlebotomus Fever This observer fully confirmed 
Doerr’s results, the condition again being reproduced by infected flies, which, 
however, were found not to manifest infectivity earlier than seven days after 
biting. This last fact suggested that the causal organism may have a 
developmental cycle In the fly. Other phlebotomus flies are also able to 
transmit the disease. Infection of the insect is not hereditary, but the 
experiments indicated that the infection can be transmitted to insects in 
their breeding-grounds by' the larvai ingesting the dejecta or dead remains of 
the adult flies (Roy'al Air Force Sandfly Fever Commission, see Whittingham) , 
Atmospheric ternperature influenced the infectivity' of the flies , thus insects, 
proved to be mfecti've when the temperature was above 65“ F., became non- 
infective after a fall belovv 60“ F The virus survives freezing for six months 
According to Shortt e( al., rhesus monkeys arc susceptible to the virus 
and develop fsv’er after inoculation with the blood of patients , also cuHvres 
can be obtained m developing hens' eggs ; but these results have not been 
confirmed (Sabin et al ) Therefore the demonstration of the virus depends 
so far on production of the disease in the human subject ; this seems to be 
effected most certainly by intracutaneous or intrav’enous inoculation. 
Recov’ery from an attack of the disease is followed by immunity which per- 
sists for some months. Immunity can be produced by injecting varus which 
has been inactivated by ultraviofet radiation. The serum of recovered cases 
when mixed with the virus may have an anti-infective action 


PSITTACOSIS AND RELATED VIRUS INFECTlOJiS 

Psittacosis in man was so called because the sequence of disease from 
association with sick parrots had long been recognised chnically . u 
progress was made when it was found that the infection could be . 

experimentally from infected parrots to budgerigars and 1 r,_,ii.. 
free from ordinary bacteria, and that passage could be effeae , 
by' staining, characteristic masses of minute particles vvere 
particularly within macrophages in serous exudates and m » 
acute cases of the infection. Tlie individual particles minute 

from coccal bodies over 1 /< in diameter, resembling :.»^nre of these 

bodies measuring about 0*2 u , R is apparently due to ® ^ appear- 

smaller forms that the vnrus can pass the coarser filters 
ance of the bodies vary in the course of the . disease is 

interpreted as evidence of a cycle of development- n P nroduced by 
a gastro enteritis, while in man broncho-pneumonic les 
the infection Ii • ' *i- .. T^nPtlm q have kd 

causal bactena c 'fesembhng that oi 

to the discovery . . , d birds other tMn 

psittacosis In some there is a connection ^ Jesisrnation oriiitl>- 

parrots, e.g. pigeons, chickens, fulmar petrels , has been noted 

Ls fas helnsSsgested lor Ihe to ?" 

With the so-called distemper of cats paker), wh jn animals A 

while others again are not obviously relat^ _ el a!- . 

piieumotropic virus of this nature has been reco 



I’SITTACOSIS 083 

Karr) Also, apparently healthy earners of such viruses are common, e.g, in 
Engh'sh pigeons (Andrewes and MiUs). It has fx;cn recognised tlut the same 
strain of virus may show jiiarhcd s'ariations m virulence for a particular 
animal species on evpcrijncntal inocuiation But different viruses liavc been 
tfistingmshed on tlic basis of their \‘ar\iiiR jiatliogcnicity by one route of 
jnocuJation as compared uUli another, r.g the susceptibility of mice to intra- 
cerebral inoculation with psittacosis and their resistance to mouse pnciimoma 
virus, uhcreas both viruses cause pneumonia on intrannsal inoculation, 
uhile on mtrajicritoneal mocuhition psittacosis %irus tends to establish the 
earner state in animals winch do not die acutely, bin mouse imeumonia virus 
fails to infect at all Cross immunity tests have also brought out differences 
between members of tins group of viruses . in some instances a virus pro- 
duces solid immumts toward itself but not toward allied \iruses. whereas 
others protect against both The results, however, seem to depend to a 
considerable extent on the route of moculatioii Complement-fixation re- 
actions have also been used in stiulvmg the relations of those Mriiscs By a 
combination of these various mcthoils Bock el at have «hstingmshcd three 
groups of such vinises responsible for pneumonia m man It should lie noted 
here that Mruses witli other characters may also be a cause of pneumonia 
IP 391). 

further group of diseases chnicaHy not resembling psittacosis arc char- 
acterised b) similar cell inclusions, e ^ lymphopatlua venereum, trachoma, 
and inclusion conjunctivitis A number of the above-mentioned siruses 
have been cultivated in tissue cultHfc.s and either in the chono-allantoic 
membrane or in the >olk sac of developing hens' ogg.s It ma> be said that 
m this group we have to deal with \nniscs which are closely similar in 
morpholog) , and while they may produce a variety of lesions and immuno- 
logical distinctions can be established between them, nevertheless they are 
antigenicalh related {Rake d af ) 

Psittacosis, in 1929 numerous eases appeared in the Argentine, the 
Vniicd States. Great Britain, and various parts of the Continent The great 
majority of these were obviously related to diseased pvarrots recently im- 
jiortcd, and when importation was prohibited the epidemic soon ceased The 
infection occurs in wild parrots in Australia as well as in S .■\mencan birds 
The characteristic lesion m human psittacosis is a widespread pneumonic con- 
solidation, which to the naked e>c may tesctnWe that found in influenza! 
j^ncumonia, but the micr<»copic appearances are different In psittacosis 
pneumonia there are found in the alveoli marked fibrinous exudate and some 
hieinorrhage, with mononuclear cells, but retativelj few polymorphs, mthe 
roost advanced parts of the lesion there is also extensive capillary thrombo'iis 
Influenza bacilli and the other organisms commonly found m jineuinoma are 
not present 

Bedson, W estern and Levy -Simjison demonstrated th.it the disease could 
be transmitted to budgerigars {MelopstUacus undutaliis) by intrapentoneal 
injections of sterile hitrates of the tissues of infected animals Repeated 
passage has been effected bat the virulence of the infection tends soon to 
become extinguished in these birds Fowls are susceptible, but passage 
cannot be effected Parrots can be infected by the moutJi or nose as well as 
parenterally Mice are also susceptible to inoculation with infective material 
b\ either the intracerebral, intrapentoneal. or mtranasa! route In the last 
case pneumonic Jesions result , and if a suffici«it}y dilute suspension of virus 
IS used discrete foci of consolidation for^ age of the infection succeeds 

m mice, and. finally a constantly fataf"^ « \ ws uitraperitoneal inocula- 
tion with fiver and spleen emtilsiwi / 
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* 1 , =>"<1 L'Uic independently demonstrated the presence in 

the disease of minute cocci or cocco-bacillary bodies about 0-2 ,i in size 
stained purple to blue by prolonged treatment irith Giemsa's stain ■ int 
there IS great pleomorpbisni. the size varying from I /i doim to minute 
particles. These bodies, which are Gram-negative, occur especially in the 
spleen and liver in affected birds, but are scanty in the blood. They are 
situated within macrophages, but occur also in clumps lying free ; they have 
been seen in similar cells from the pneumonic areas in man. In infected 
animals a sequence of changes may be made out in the appearance 0 / the 
virus particles, which Bedson aqd Bland have interpreted as indicating a 
developmental cycle. They liave not been growTi on ordinary media, but 
they multiply in tissue cultures and in the chorio-allantoic membrane etc. 0 / 
hens' eggs (sec Lazarus e/ n/.)* Their number in a tissue appears to correspond 
ndth tlie virulence for susceptible animals. 

The virus is present in • r z j 

as well as in the blood and 
that the disease may be coi ■. 

being traceable. The occurrence of pneumonia as the chief lesion in man 
points to the disease being acquired bj* inhalation ; this is supported by the 

production of similar lesic 

intratracheal inoculzition . 
tion in these animals lear • 

not develop Parrots, however, by whatever route they are mtected, flo not 
show lesions of the lungs, the organs affected being chiefly the duodenum and 
the liver, The virus has been found in human sputum, irWch suggests that 
the disease may be directly contagious ; clinical observations are in agree* 
ment with this, but such spread ap])ears to occur only rarely. Iniwhve 
material shows considerable resistance both to freezing and drj’mg. 
partially inactivated by c.xposure at 55* C. for thirty minutes, while SO u 
destroys it. Both m birds and in man the severity of the disease may '*arj 
greatly, and the evidence points to the c.\istencc among parrots of apparen ) 
healthy earners of the virus. In nibbits intracutaneous ^ 
a local papular eruption resembling that which may be produced by . . 
of herpes, while intracerebral inoculation causes meningo-encep 
(Gordon). Recovery is accompanied by active immunity. 1 ice c 
actii'cly immunised with formolised virus (Bedsoii). as 

not influenced by an antiserum to fowl-plague varus ; this o s - 
well as the f.ict that the former is infective for mice bu n 
indicates the separate identity of the two viruses. pffusion,' 

Laboratory Diagnosis. In 5 ir</s sugg^tive lesions are 
greatly enlarged spleen, pale hver with necrotic are» fongal e.\u* 
hemorrhagic periphery Smears from the pericardia f j. ^nd 
dates, blood, lungs, air sacs, .ind serous and cut 

(particularly from necrotic areas) are ^ emulsion of the 

are inoculated intrapentoneally with 0 5 to I'Occ. • . -g^atfon and 

various tissues and also with the same matena ^ . y^the latter 
filtration through a coarse type of toctenal fn/ection nith pathogenic 

four 
ision, 


irification 


glass beads, and is inoculated unfaltereu P(, 5 r./noj tern 

filtering, both peritoneal and nasal routes beir^ 


, with 
1 and 
.teria! 
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obtained at a late stage of the illness is usually negativx, but scanty virus 
may be detected by giving a mouse three injections on successive daj'S 
Since viruses belonging to this group may not withstand glycerol, material 
for examination should be preserved below 4* C. wthout any addition. 

Infected mice die usually in five to thirty daj's If death has occurred in 
the first half of this period virus particles arc readily found m the endothelial 
cells of the peritoneal and pericardial effusions ; later they are scanty. 
Passages through further mice raise the wulcncc till death occurs in two or 
three days, vinis bodies being abundant in the spleen phagocytes. If all the 
mice originally inoculated surNuve for ten days, some should be killed at this 
time and their spleens used to inoculate further animals If the rest of the 
original mice survive for a month they should be treated similarl}' 

Eggs uhich have been incubated for ten to twelve days should also be 
inoculated in the chorio-allantois 

Great care should be taken with al! animals and materials to avoid dis- 
semination of infective dust and it is advisable to use the drauglit apparatus 
emploj-ed in inoculating animals \nth Rickettsial (y.r ). Carcases before ex- 
amination should be soaked in a solution of lysol so as to wet thoroughly 
hair or feathers. 

StfliHing of the virus particles is effected by Castaneda's or Giemsa's 
method 

LYMPHOPATHIA VENEREUM (LYMPHOGRANULOMA INGUINALE) 

This disease, known also as poradenitis, climatic bubo, or Nicolas-Favre 


there is a small lesion at the site of inoculation on the penis, which soon heals. 
In the female the inguinal glands may be similarly affected, but if the primary 
lesion is situated posteriorly on the genitalia, the rectum and anus are affected, 
stricture resulting, and this together with chronic swelling and ulceration of 
the vulva constitutes ‘ esthiom^ne a condition which leads to persistent 
mfectivity Hellerstrom and Wassen transmitted the infection to monkeys 
by inoculation with material from affected glands. After intracerebral injec- 
tion there was an incubation period of six to twelve days and then meningo- 
encephalitis developed which often proved fatal Passages were successful 
and on transference to the human subject again the disease was reproduced 
(Levaditi et al ) Mice ate also susceptible to intracerebral inoculation , and 
by the intranasal route pneumonic lesions result The virus is filterable 
through the coarser filters It has little resistance to glycerol Elementary 
bodies have been demonstrated by Miyagawa within histiocytes, polymorphs, 
and glial cells. The size of the virus bodies is 125 to 175 m/«. The virus grows 
in the yolk sac of the developing egg and such cultures are toxic for mice 
in virtue of an endotoxin, whi^ is thermolabile, however (Rake et al) 
Growth in tissue cultures has also been obtained, especially at 18° to 28° C 
(Sanders) 

Frei showed that in cases of this disease the skin reacted specifically to 
the mtradermal injection of pus from a bubo diluted with saline and sterilised 
by heating at 60° C An area of inflammation develops, which reaches its 
height in forty -eight hours , this reaction is of value m diagnosis The Frei 
reaction can also be obtained by injecting an emulsion of the brain of experi- 
mentally infected monkeys or mice (D’Aunoy ct al) or a. suspension of ele- 
mentary bodies prepared from infected yolk sacs, ' lygranum ' (Shafler et al ). 
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Similar antigens have Seen i«d lor the complement-fixation reaction rath 
pa ents sera (see landau). Positive results may be obtained with latent as 
well as active infections Oiviog to the occurrence of group reactions 
however, a posttive result does not necessarily prove infection mth my 
particular member of the psittacosis-lyraphopathia-venereum groun of 
Viruses. ■ ^ ^ 

Granuloma venereum (inguinale), which is to be distinguished from fhe above 

condition ^ . •. disability. It n 

* s ‘ ■ M i' ■ . Unless treated 

„ , , ** * '• •J---. ,..iUccl Rranulom^tous 

jiapule, usually on the genitalia, ulcerates, becomes secondarily infected and spreads 
locally both extensively and deeply . disseminated foci mav develop In the lemons 
there are large mononuclear cells in the protoplasm of which are found masses of Gram- 
negatuc pleomorphic bacillary forms which are capsulate and resemble Fnediander's 
bacillus fDonovan bodies) , but extracellular and non-capsulate forms are seen aho 
Before iilccmtion no other organisms are present in the tissues and cultures on all 
ordinary’ media arc negatn e I^olifcration occurs in the yolk of fertile eggs , and the 
growth-promoting property resists heating at 60’ C for half an hour fAnderson, 
be ilonbrcun and Goodpasture) Animals are not susceptible to inoculation, but the 
condition has been reproduced experimentally in man by injecting infected tissues or 
pure cultures in yolk (Greenblatt et al ) The organism docs not pass ev en the coarsw 
bacterial filters , it has considerable viability at to 37* C A sterilised culture causes 

an inflammatory reaction on injection into the skm of infected persons and an extract 
gives precipitation and complement-fixation reactions with their serum The evict 
nature of this organism, which appears to be the causal agent of the disease, u un^e^ 
tain, it has been named groHif/own/K, 


TRACHOMA 

The infective character of trachoma appears to be definitely established dmicallj 
Halberstadter and Prowazek described in trachoma cases inclusion bodies m the cytt'- 
plasm of the conjunctival epithehuni. which at their earliest stage appeared 
coccal forms stained blue with Giemsa’s solution . then red granules „ J?,, 
middle of these, and finally only small eosmophile granules and rods, about 0 -a 
length, were seen The bodies are most numerous at the acute stage Toe appe. 
arc similar to those m psittacosis But cultures have not been obtained so , 
there is still discussion as to the nature of these bodies (see Juliantllr) Transmit 
the disease to monkeys by filtrates of material from cases has been claime , , 

not certain However, the virus remains infective for man after repea 
passages (Bland) bacillus 

Noguchi isolated from the lesions of trachoma a small Gtam-negatn e n ^ 

« ith a single terminal flagellum. Bad grauulosn. which growi, well aerobicai V 
on agar containing defibnnated or citrated horse blood or serum, an -pTani^ni 
have produced the disease in moikeys by injecting pure cultures o , 

beneath the conju 
appear to be invar 

son) Otitsky and ■ . . , uiw'"' • 

v\hat similar bacillus, Bad jihiiip which, however, grows on ordinarv ^ ‘ ^ trachcmi- 

there is no clear evidence that Bad graaalosis plays a part m eca ^ rnniunctn M 
Diagnosis. The eyelid is everted, surface secrctior wiped «« ycedmgb<'nS 
surface, and then as much epithelium as possible scraped •It w • ^ 

avoided A film of the epithelium is made on a microst. *pe s i e 
blood film This is then stained by Gwmsa’s method, et c 

W0J.USION COWUMCTIMTIS I™* 

A form of mild, persistent conjunctivitis occumnf a few dajs a iMduJ 

quite dis 
cefvix ut 
baboons , 

(Thygeson , Juhanelle el a ! ) 
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VIRUSES EPIDEMIC IXI'LUENZA, ETC.' INFECTIOUS 

CORYZA. VIRUS PNEUMONIA MEASLES: RU13ELLA • 
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OF RABlilTS VIRUS DISEASES OF DOMESTIC BIRDS 

EPIDEMIC INFLUENZA 

Authenhc Europcnn records over nearly ttvo centuries sliow that at 
varying intervals there ha\c occurred severe and ssidcsprcad epidemics ol a 
condition whicii, in the description of its clinical features, conforms to the 
sj ndromc now designated influenza Such epidemics bni e shown a tendencj 
to pandemic spread, and tins is an outstanding epidemiological feature of the 
disease Since the penod of bacteriological investigation two such pandemics 
liavc occurred (JJ^SD-OSand 19)*s 21) and tlieirctiologj has been cvtensucly 
studied The disease exhibits an c.\ceptionaIly marked degree of infectious- 
ness and assumes a iiigli incidence in any pojMiiation in which it occurs, 
-ipreading with great rapidity In Chapter X\TI I the organism first reported 
by Pfeiffer as the causal agent of epidemic influenza is described and Jt« 
relationship to the disease has been discussed 

The mconstaiicy of this organism in epidemic influenza, the fact that 
indistinguishable organisms may occur in various inflammatorj’ conditions 
of the respiratory system, and the absence of experimental proof of its etio- 
logical relationship to the disease, led to further inquiry being made into the 
etiology of influenza during the pandemic of 1918 and the following years 
The knowledge that had been obtained regarding the causation of certain 
specific infectious diseases by filter-passing viruses directed attention par- 
ticularly to the question whether this epidemic disease was the result of 
infection by such a virus Further, the extreme infectiousncs^ of the condi- 
tion. by' analogy with other conditions knoun to be due to filterable viruses, 
seemed to favour this viesv of the etiology of the disease In the early stages 
of the pandemic, various workers claimed to ha\e established the existence 
of a filter 'passer in the disease (Gibson, Bonman and Connor, Nicolle and 
Lebailly , Yamanouchi, Sakami and Iwashima , et al) Certain oi these 
claims, houe\er, were subject to serious criticism, though an influenza-hke 
disease was apparently produced m susceptible persons by the injection into 
the nose and throat of filtrates of sputum from influenza rases 

In 1933 further light was thrown on the etiology of influenza by work at 
the National Institute for Medical Research, London (Smith, Andrewes and 
Laidlaw) During an epidemic in that year filtered throat uashings obtained 
from patients at an early stage of the illness were found to be infectne to 
ferrets by mtranasal instigation No other laboratory animals could be 
simiUriy injected Illness ensued in the ferret after an incubation period of 
two days and showed characteristic features, namely, a diohasic temperature 
response, nasal catarrh, and systemic disturbances The temjierature at the 
onset rose abruptly’, subsided on the third or fourth day and rose again on 

887 



epidemic influenza 


the fourth or fifth doy, later gradually returning to normal. With the rise ol 
temperature the an, male became lethargic and%havved muscute Sam 
The catarrh usually^gan on the third day ivith a u-atery discharge from the 
eyte and nose. The nasal discharge tended to become muco-poroknt. 
t requent sneciung was a prominent symptom. Signs ol illness fasted as a 
rule for only a few days and complete recovery then ensued. Very occasion, 
ally a relapse was observed. No fatalities resulted. In animals Wiled dutinr 
the first and second febrile periods the mucosa of the nasal passages shooed 
acute inflammation with complete disappearance of ciliated ceils and occa- 
sionally patchy necrosis of the whole thickness of epithelaira Apparently 
in the infected person ot animal the virus propagates with great rapidity 
in tlie surface cells of the respiratory passages and also spreads rapidly 
from cell to cell 


It was found that the disease could be transmitted by contact or by trans- 
ference of nasal washings from infected to normal ferrets. The method 
adopted for transmission experiments was to scrape out the turbinates and 
grind up the tissue with sand and then emulsify in a mi-vture of broth and 
saline The emulsion was centrifuged and 1 c.c. of the fluid was instilledioto 
the nose. In this way it was possible to make serial passages, No other 
metliod of inoculation proved successful and no other tissue, wth the except 
tion of the lungs, w.is found to be infective. Filtrates of these emulsions 
obtained with gradocol membranes having an average pore-size of 0-6 fl 
invariably produced the typical disease. No bacteria were cultivated from 
the filtrates. Ferrets recently recoi'ered from the illness nere in all cases 
immune to subsequent inoculation. Tlie serum of recovered animals also 
neutralised the \nrus when a mixture was inoculated into the nose Normal 
ferret serum l\ad no such action. Human sera, parlicubrly those from 
influenza convalescents, were also found to contain neutralising antibodies 
for the virus. It may be noted (hat throat washings from healthy ^rsons. 
influenza convalescents, and cases of the common cold caused no lUness w 
ferrets , 

Previous to these obser\’ations Shope in the United States bati oesen 
a filterable virus in ,an influenzal disease of pigs, but found that it u 
associated with a Inemophihc organism, B. infiuenze suis. By 
went he showed that the virus J>er se produced in pigs only a nwC i n ■ 
while the bacillus w’*- On the other hand the two agents og 

caused the typical d ’ *' ■ 

the some influenza e 

due to tJie human influenza rims. Shope later f. sn^s- 

influenza virus when introduced intranasally in ferrets under 


thesia produced often extensive atelectasis and consolidation 
Attempts were made by the National Institute worker? o 


•tionai iMsvKui.'- alpnal I 

from ferrets to mice and this was found possible, the ^ 


instilled into the nose under ether 


ound possiuiB, r..-.- - If, 

anresthesia. AHter several p o ^ 


_ __ isinesia. ^ , pritlvlcdtoa 

mice, the \-irus infected nearly all mice so inoculated an mice the 

fatal illness characterised by pneumonia. After palaces in the 


latal umess cnaraciensea oy pneumoHw. nassaces m me 

virus was stiU virulent to the ferret. The upi^r ^^spir U lesults 

mouse did not appear to be susceptible as in the , however, to 

were obtained ivith ShOPe’s virus Ik h:^ not been p > hitratic 


were obtained with Shope’s virus Ik h:« not oee I ^jy nitration _ 

infect mice directly from the human subject. It bodies 

through El/ord’s gradocol membranes that the ma yielded 


tnrougn n-iioru s giduowi meiiiuiaut-a 

was from 80 to 120 tnj^. Furtho* work on the ® Sharp and co- 

somewhat varying results and discrepancies. A ° micrography, the 
workers, wlio have measured the virus bodies by 
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average size of type A is 77’6 m/* anil of type B 97’3 m/i. They describe type 
A as kidney-shaped. The virus has been shown fi> possess a certain degree 
of resistance to natural drj-ing (Edvi’ard). 

It is now recognised that strains of influenza virus dihcr in thijir antigenic 
characters as pidged by neutralisation tests with speafic antisera. Strains 
similar to that originally isolated m Great Bntaii' arc designated ' influenza A 
virus and a B tj'pe, quitr — / from A, has been defined. 

Both tvr»«<- 1 - - ' Further, each type shows 

Some ( . variants ’ of each have been 

reportc ^ — ,.n,iors have been identified in these viruses, one 

closely .»asociatcd \nth the \arus body, tlic other more soluble or diffusible, 
and it is suggested that the former is the more specific. In attempts to pro- 
duce influenza in the human subject with laboratory strains, success Jias 
usually been attained with virus B, but not A , whereas tlic B virus is more 
diflicult to transmit to ferrets and mice. Cases and outbreaks of otherwise 
t 5 'pical influenza have been investigated io svhich it has been impossible to 
demonstrate transmissibiUty to ferrets and it has been suggested that a type 
of vims may exist which is non-pathogenic to animals and this for^ *' e 
disease has been spoken of as ' influenza Y 

The condition of swine in*'”'*'- 
connection \rith the etiologic 

was apparently unrecognised uouced— m the 

United Slates — simultaneous ...v occurrence of the human pandemic 

of influenza at that time , since then it has persisted The symptoms and 
signs of the disease distinctly resemble human influenza The question 
therefore arises whether this virus is related to strains of human ongin. 
Disease has been produced in young pigs by intranasal inoculation with the 
human virus (Elkeles , Shope and Francis) The illness is of a mild type, but 
there may be broncho-pneumonic areas m the lungs or lobular atelectasis. 
According to Shope and Francis, inoculation of pigs vvith a mixture of this 
virus and B. infltiemcs sf«5 brings about a more severe illness, attended with 
fever and pneumonia The National Institute workers have shown by 
neutralisation tests with antisera that w'hilc the antigens of the human and 
pig siruses have common constituents, they can be dearly differentiated. 
Laidlaw suggested that the virus of swine influenza is m reality the virus of 
the pandemic disease of 3918, adapted at that time to the pig and maintained 
since then m this animal The question thus arises whether the \nrus of the 
1918 pandemic was antigenically different from tliose now present in influ- 
enza, and whether influenza viruses may vary in antigenic characters under 
different conditions and at different times Andrewes has postulated a basic 
virus of low virulence to man and experimental animals which under certain 
conditions may evolve by into types of greater an tigenic complexity 

and higher virulence— such as the tjqies A and B, which can be more or less 
readily isolated by virtue of their pathogenicity to animals Only continued 
investigation in the course of time mil settle these questions 

The virus has been successfully cultivated in the laboratory m chick 
embryo tissue cultures and in the chono-allantoic membrane of the chick 
embryo in the egg The lesions produced by the growing virus in the embryo 
are insignificant at first, but passage increases virulence The virus also 
flourishes m the allantoic sac. and the fi.uid from the sac is a useful source of 
virus-containing matenal for experimental studies Burnet has used the 
method of inoculation into the amniotic cavity of the chick embryo and has 
studied m tins way the patholi^cal changes produced in the embryo {see 
Bevendge and Burnet) He has pointed out that the tracheal fluid presents 



EPIDEMIC I.VFLUENZA 

cIraractcTHdc .ipprarancfs, lx.'coming ■ turbid and contaiumg vacuolated 
phagocytic cells mill cosiiiopliilic granular malcriai in the vacuoles The 
miiltiplicatrori o/ the virus in the amniotic cavitv can be demonstrated for 
diagnostic Jiiiriioses by testing the fluid for it's agglutinating properties 
touarefs /o« Js red corpusc/cs. 

As shown by Hirst, and indeijcndcntly by McClelland and Hare material 
canfamtng: t?ie influenza vims, e.g, chick embr\-o cultures, possesses the 
proiKTtv of aj'glutinating the crj-throcytes of the fowl and this reaction 
is nihibitfd hy si^cific anfisem. without cross-reactions between the A 
.^<1 H \iniscs. The dcffree of the agglutination reaction appears to depend 
on the concentratton of virus in the tesf material and cv’en when the virus 
IS inactivated bj’ heat there may l)e no reduction in the litre of the reaction 
The crytlirocytcs of various birds, reptifes, and amphibia are siisccpfiWe 
to agglutination by \‘inis-material, and also those of man anti various rodents 
, (see Clark and Xaglerj The reaction ivit/i fowls’ erythrocytes and its 
inhibition by si)ccific antisera lias been utilised for assay of antitwdies, 
eg in sera of cases, convafcscents, and immunised persons and animals, 
and results obtained by this method have in general been parallel «ith 
those of the vims-ncutrahsation test (e/Ve supra), ft should lx; noted that 
this iKernagghitinntion reaction is also prorlucctl by certain other uru<es, 
e g vaitirun, herjics 

llic tiamaculiitinin rvino\c«l l>y absorption with fouls’ cells, and lafcf the 'im 
c.in be eluted from these cells, winch ha\c then liecome jnacKlutinable by the v^flrs 
W orKing w ith a nwmlx'r of v iruscs possessin/r liTinagRlutin.ifing projwrtie*, Uurnet ana 
hi<* associates haie shown that rcvl ccHs treated mth a parlicnbr ^jrus, and thus 
rendered resistant to liirtlicr affslittmation by that nnis. remain aeglufinjble by certain 
other % iruses Tlii-sf h.TnuuKhitmatint; m.uvs. therefon', can be ananjed m 4 *enes 
siiih that red lelU made ' • arc macelnUnaWe by thO'e be/oreKW* 

the strips blit not lij tl 

niiinifis. Neui.istlc dwa' . 

red (.(IN trc.iud with a 
iiortii.illy in.Ktise towar 

demotistratod liy tn-atment with the protluctsofxanous baewrw. ioji“sk.- 
that th» action of v irtises and liactcnji products on the surface of red celh r * 
of enrimes. and th.it such t ;r«s-enr) mes inai play a p-irt m the rj.jjijt 

Cells bv the \ inis In further studies of the cnrjme action of cruses o ^ 

(JIMS) and his associates h.ne shown th.it an enryme densed 
cholcr.i s ibno .'titers, the surfaces of re<l cells m the same way as cer 
postulate .tn otTect on specific ‘ receptors ' of the ml cell and .. . jj,g 

pnficipje* r.s,vnfor destrovme ena.wne ' (It PF,) nd of the allantoic 

tluvura M ■ ' treatmept of 

cavitv of it renders the 

the tissue ■ ipeaistohea 

tiisue rcsist.nnt to the v irus. The substrate on wiiitii uk s..^^ . ...h, and Burnet 

f„r the rrouiv-spcvifivity of a reaction 

ficidmps are of 
irusei and the 

special interest in their benrini; on me i.av..s...s.-. of creating resistance 

^usceptlhIlltv or resistance of the tissues to them The f» „{ bacterial origin, must 
artifiemiJy h> me.ms of a ' receptor df>tro>’*n{t en*}me . ^ 

„a.. i„rth^r v..,sa.,on ^ 

tJjcJated 

■ allantoic 

, a higher 
ter of the 
ms hXelj 

changv^ a „c„ 

han that 
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other birds and rnammaJs referred to abox’e The Dphase is also the more Jethal to the 
chickembrjo Thus mduenza A.virasaspropagatedja eggs. # g for s'accme production, 
represents a different phase from that of the natarat vinis According to Hirst (1947), 
the 0-*-D transformation is not associated vnth a loss in the potentialities of the virus, 
but depends mamly on an enhanced hafmaggluhnattn'; action towards foMis’ eryth- 
rocytes The.B virus does not apparently show any swell-defined 0-*-D change 

Another type oi lariation has been recorded by Burnet — the acquisition b)' certain 
strains, on repeated passage in the chono-allantois, of highly virulent endotheliotropic 
characters, so that they produce marked htemorrhagic lesions and are lethal to the 
embryo Such findings emphasise the latahty of the virus and arc possibly significant 
tn relation to the changes which the virus may imde^o when multiplying m its natural 
host and spreading rapidly from person to person "nie genesis of the great pandemics 
of inliuenra remains obscure, though tt may be reasonably supposed that they have been 
caused by types or strains oi the vuus of greatly exalted virulence and mfectivity, 
and possiblv different biological idiaracters. as compared with the types isolated in 
recent years 

Immunity. As already mentioned, ferrets after recovering from the 
experimental disease are immune to reinfection, t e fay nasal inoculation 
This immunity lasts for about three montlis, and is associated with the pres- 
ence of type-specific neutralising antibodies m the serum, but after resistance 
to nasal inoculation has declined antibodies may still be present m the blood 
Moreover, animals are msusccpliblc to infection by other routes, but if so 
inoculated develop antibodies and yet are stiU susceptible to nasal inocula- 
tion However, previously immune ferrets m which immunity has declined, 
may be again rendered fully resistant to nasal inoculation by subcutaneous 
injection of snrus It has also been found that thougli subcutaneous injection 
oi Jive virus or virus inactn*ated by formalin may not render ferrets or mice 
fully resistant to nasal inoculation, there is less likelihood of resultant pul- 
monary lesions Thus, artificial immunisation of animals h.as so far produced 
only a limited degree of immunity and it is difhcult to attribute the solid 
immunity following recovery from infection to serum anttliodies 

It has been recognised that in the human subject immunity foJfowing 
recovers ts not permanent Francis and his asstwiiates have recorded tiie 
occurrence of two attacks of the disease wnthin four months following nasal 
tnoculution of the same strain of the B mhis Speaftc antibodies in the 
scrum of cases and comalcsccnts have been demonstrated b> the neutralisa- 
tion test and bj' (he inhibition of agglufifiation of fowls' red corpnseJes {itde 
sufjrit) The presence of antibodies m healthy pereons has been generally 
accepted as an index of previous infection 

Extensive studies liave been earned out with the object of attaining a 
means of practical immunisation against the epidemic disease and i-anous 
forms of vaccines fiave been used For tins purpose concentrated x irits 
cultures from the allantoic sac of the embrxo chick have been most used, the 
virus being inactivated by formalin Such vaccines when injected sub- 
cutaneously bring about the appearance of specific antibodies m the blood 
Some observers hase recorded promising results in the prevention of the 
dixcas-c b\ vaccination pnor to an outbreak {Hirst el al . Francis el <ti ), but 
no definite statement can >ct be made as to the practical efhcacj of the 
method Hirst and his colleagues base concluded from their observations 
that a definite degree of protection is produced, that it persists for a vear and 
that the maximum protection occurs within a few weeks of vaccination 
Diet recommend vaccination on the threat of an epidemic 

Antisera uUh high antibodj tonlent ha\e been jirodurcd in the horse 
and it has been found that such serum increases the resistance of mice to 
nasal inoculation of virus The possibility of jwssive immunisation as a 
therajieutic measure in the human disease would ment further stiidx 
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. problem of immunity, it is of interest that a virus, 

inactivating pnnciple has been demonstrated in the nasal secretion of normal 
persons ; it inactivates all types of the influenza virus and also certain other 
^^ses, e.g. herpes. This property of the secretion is destroyed at 100* C 
The nature of the protective agent is still obscure, though it has been sug- 
gested that it can be identified infh serum antibodies which, of course, may 
be present also in normal persons as a result of previous infection. 

Laboratory Diagnosis. For this purpose, in the acute stage, nasal or 
throat washings or sputum are instilled into the nose of a ferret, the presence of 
virus being indicated by the characfenstic signs and sjouptoms (viife supra) ; 
moreover the infection may be passed from these animals.to others and if the 
animals are inoculated under ether aniesthesia pneumonia may be {Produced. 

After the patient has gargled Jus IJiroaf with JO to J^ c.c. of saline, this is mixed mtb 
5 c.c. of broth m a container. The latter Is then packed in ice and sent to the laboratory 
for mtranasal inoculation of a ferret as soon as possible. ^ 

Burnet has recommended as an alternative the method of ‘ amnjotic 
rnocuiation ' the results of wli/ch have already been described. The 
inoculum consists of 0*25 c.c. of throat AS'ashings containing 25 per cent 
serum broth in saline, and lightly centrifuged (together with 25 units of 
penicillin and O-l c.c. 5 per cent, solution of sodium sulphamerazine, ip order 
to suppress any pathogenic bacteria which may be present) ; to increase the 
chance of a positive result. 0 eggs or more should be inoculated with each 
specimen. A diagnosis of infection may also be made about two weeks after 
the onset of the illness by demonstrating specific antibodies in the patient's 
serum, the neutralisation test 'being used or the inhibition of agglutination of 
fowls' erythrocytes. (It is desirable, by way of control, to test also a specimen 
taken as early as possible after the onset.) The complement-fi.xation reaction 
may also be applied for the same purpose. If appropriate strains of the A 
and B virus are available the type of infection may be recognised by means 
of the neutralisation test. 

Iafluenza*llke Diseases of Doniesflc Animals. Reference has already been 
to swine influenza and the Virus of this condition. Shops has made the 
discovery that pigs acquire the virus by feeding on earth worms. The latter bw 
larvJB of the lung worms of the pig . these larva; under natural conditions may 
the virus and convey it in ‘ masked/ (non-infective) form to the mamma a 
The virus becomes activated in the pig. e.g expenmentalJy by giving ^ 

muscular injections of B. lUfluenza suts ; and activation appears to oc ur 
when climatic conditions are adverse, as in aohimn Influenta-hke ro i 
been recognised also in other animals and by analogy these are prooa ^ 
origin. Influenza of the horse belongs to this group and there is Recently 

a virus IS responsible, though the disease requires further investig ^ ^ ^ 

special attention has been paid to ' influenzal pneumonia of 
prevalent condition and, besides the pneumonic lesion, is m the 

enteritis often referred to as ‘ sconrs A filterable virus has animals, calves 

lungs and transmitted successfully to mice : moreover, irom me 
have been expenmentany infected (see BakerJ. ' 


INFECTIOUS CORYZA (‘ CO MOU COLD ^ 

The infectious nature of this prev'alcnt c mdition ts I'py'j.^scs^of the 

and the infection can frequently be traced t > . four days- The 

same condition, the incubation period bein£ witnin congestion of the 

condition is charactens^d by a preliminaO' ivaiery discharge 

nasal mucosa, often with sneezing, followed by an ^ , headache, and. in 

from the nostrils ; there may be some degr^ of m , j grge becomes less, 

some cases, slight fever. After tivo or three days the discn b 
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and tends to assume a purulent character ; restoration to normal then occurs 
after a var3dng number of daj’s. It rs to be noted that in the punilent stage 
secondary spread may occur, e g to the nasal sinuses, middle ear, and at this 
stage various pj^ogenic organisms commonly found in inflammatory condi- 
tions of the upper respiratory pa^ges may be present, e.g staphylococci, 
streptococci, pneumococcus, B. inflwnzts, D. caiarHiahs, etc. 

In 1914. Kruse showed that the condition was due primanly to a filterable 
virus, and he was able to reproduce the condition jn volunteers after an 
incubation period of one to four days, by introducing into the nose the fil tered 
nasal secretion from a case. The filtrate, obtained by means of a Berkefeld 
filter, was apparently free from any recognisable organism Foster claimed 
to have confirmed these results Ohtsky and McCartney, using as the 
inoculum naso-pharj'ngeal secretions from early cases in the first three to 
eighteen hours of the disease, the matena! being filtered through Berkefeld V 
and N fitters, succeeded in transmitting the condition to volunteers, and 
further, were able to pass it from an experimentally infected case Intra- 
tracheal injection in rabbits both with filtered and unfiUcred naso-pharyngeal 
wasiiings was without effect These obser\*crs were unable to isolate by 
culture in the Smith-Noguchi medium, and on anaerobic blood-agar plates, 
any specific cultivable organism 

Shibley. Mills and Docher, having obser\'ed that young chimpanzees 
readily develop nasal catarrh on contact with affected persons, were able to 
reproduce the condition in a large proportion of these animals inoculated by 
Instilhnginto each nostnl fresh, filtered nasal washings from human cases at 
the acute stage The incubation period was thirty-six to forty-eight hours 
The filtrates after heating were ineffective, as were also unheated filtrates 
from nasal washings of normal persons obtained at a time when coryra was 
not pre\’alent On several occasions the condition was transmitted m series 
to further animals , also others contracted catarrh by contact with those 
afifected An important observation was that coincidently with the appear- 
ance of symptoms, pathogenic tj'pcs of organisms such as the pneumococcus, 
StreJ>tococcifs pyogents. and Pfeiffer’s bacillus increased greatly in the naso- 
pharyn\, and they appeared m the nose, where they seldom occur normally 
in apes Immunity was found to last three to four months Dunng an 
influenza epidemic recovered animals, which were m the refractory period, 
contracted a more severe condition, as regards constitutional and respiratory 
sjtnptoms, from contact with a keeper This suggested that influenzal 
infection is distinct from that of the common cold Dochez, Mills and 
Kneeland succeeded in cultivating tn vttro the virus of the common cold, by 
d method previously applied in the cultivation of certain other filterable 
viruses they used a medium consisting of a buffered broth containing an 
emubion of chick-embryo tissue and with I 2,000 cj'stcinc added to yield a 
suitable reduction potential They w ere able to reproduce colds m volunteers 
by inoculation with the aiitivatcd varus even after fifteen subcultures ft has 
been possible to cultivate the virus attificiaUy for long periods, up to one \ ear 

Recently, further fesearchc<! on the tniD^nm-iion of the common coJd to hum.tn 
volunteers h.vvc been earned out >n Amenca bv several groups oi mvevtieators, and 
in Great Jlritam bj the Common CoW Research Unit of the Mciheal Kevearch I ouncU 
Tlicir lintlings broadly confirm earlier observations on th* transinissibihty of the condi- 
tion and the virus nitiirc of the infective aK^nt Virus steams hive been coUivated by 
the aniencan workers m the fertile epij. e e «n the allvntoic sac and it has been jilioirn 
that a cultivated virus when inoculated into the human Mib^ect reproduces the diseave 
home ev idence has aJso been obtained (I>inglc re a/ 1 of the exivtcncc of different forms 
of infection which would be classified ' Thus, one form sludnil was a v< vcrc 

fcbnle catarrh with sore throat, thw condition wav transmitted evpenmtntallv 
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(tliQugh m somewhat milder form) after an incubation period of 5 to 6 days Another 

!.-rn , r 7c f transmitted afti an incut' 

t on period of 2 -l to 48 hours Convalescents from the former i^ere immune toreinocvh- 
tion Mith matenai from this infection but not to inoculation with virus from the latter 
while convalescents from the latter type were susceptible to reinocuJation luth matenai 
from the same condition even 19 daj-s following recovery— the post-infection immuQih 
Ming apparently very transitory. The question thus arises of the existence of different 
types ot Virus causing simple catarrhal conditions of the upper respiratory tract, which 
would fall tinder the clinical designation of the common cold How'ever, the full signifi- 
cance of these recent observations and the characterof the viruses involved await further 
research {See Pollard and Caplovite j Dingle e/ o/ , Topping and Atlas; Common 
Cold Kcscarch Unit) 


Mixed Vaccines prepared from the common organisms found in coryza 
(vitfe snprn) have been extensively used with a view to prophylaxis Care- 
fully controlled tests of the efficacy of these vaccines have been made on a 
statistical basis (Jordan and Sharp ; Ferguson, Davey and TopIe3-). but the 
results have not established any definite proph3']actic properties 

From these observations it would appear that the common infectious 
' cold ' is primarily due to a transmissible filterable \’irus, which ma}' pre- 
dispose to secondar}' infection with p>'ogcmc bacteria 


VIRUS PNEUMONIA 


The occurrence of pneumonia in which tlie ordinar3' causal bacteria 
cannot be demonstrated in the sputum or lung tissue appears to be increa^ 
ing. especially in the United States oi America. The snruses of influenza and 
the psittacosis group, as well as the rickettsia oi Q fever all pro- 

duce pneumonic lesions in man ; but there is csddence that other viruses 
may also be responsible. Such cases have been designated ' primary atypical 
pneumonia The illness is usually' of gradual onset and terminates by lysis , 
but although death is rare, there is a long period of disability. ^ he essentia 
pathological change is an interstitial pneumonia, the cells in the 
being mononuclears In some cases a virus has been demonstrated wnic i 
weakly virulent for cotton rats (Sij’moifoH /nsfidus and fre’imctfs), ' 

etc , on intranasal inoculation with sputum or lung suspension, mng 
resulting (Eaton e/ a/), this virus passed through the 
Attempts to establish the infection by serial passages in ammab ^ A ^ 
irregular results More success was obtained by inoculating the 
of cluck embryos and repeated passages were obtamed m this 
for animals being retained No cell-inclusions or . . j. „.jth 

demonstrated The passage virus produced immunity to i 
material denved directly from the human disease- 1 nissasre 

covered liuman cases neutralised the pathogenic action o , P -ggAus in- 
fer cotton rats, while serum taken at the acute stage o e 
active in this respect Accordingly, the evulence as a w ppeunionic 
conclusion that one is dealing with a virus been the 

patient An important source of fallacy m such nor , pn^^umotropic 

occurrence in the re.spiratory tract of normal roden s o yntd thej 

hv rcoeafed 


occurrence in the re.spiratory tract of normal roucu nassa^e^ 
viruses which became exalted in \aralence f neutralised 

caused pneumonia (see Horsfall and Hahn) The a 
by the serum of human convalescents 


A number of cases of pneumonia have l«en A feature 

origin, since other causes were excluded (Dmg^e patient’s serum 
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in the cold (Peterson et al . ; Turner et al.) Apart from trypanosomiasis, 
marked cold agglutinins are not met with in other conditions 

Method of denwnstratmg cold aggltttimns To 0 3 c c. of doubling dilutions of the 
serum in a series of tubes 0 1 c c of a 3 per cent suspension in normal saline of the 
prCMously washed red cells is added and the mixtures are kept overnight at .1° C- 
Agglutination with a “eriim dilution of 1 in 128 or higher, which disappears on warming 
at 37’ C , IS highly significant, since sera from other diseases seldom yield a titre of ov er 
I in 16 As a rule the reaction begins to be positive one to two weeks after onset of the 
illness, reaches its height at the end of the third week, then declines quickly 


MEASLES (MORBILLl) 

The earliest reliable experimental observations on the etiology of this 
disease were made by Hektoen m 1905, who reproduced measles in volunteers 
by the subcutaneous injection of blood from cases at an early stage of the 
illness No bacteria could be demonstrated m the blood by culture Ander- 
son and Goldberger. a few years later, were successful in transmitting the 


secretions of inoculated animals Though some workers have been unable to 
confirm these results, it seems now well established that a virus is present m 
the blood at an early stage, which is c.xpenmcntaUy transmissible to monkeys, 
reproducing a condition similar to human measles Blake and Trask inocu- 
lated monkejs (.l/flCdcus rhesus) intratrachcally with filtered naso-pharj’ngeal 
washings from cases at the commencement of the eruptive stage, and pro- 
duced a condition presenting many similarities to human measles, with lesions 
of the skin and the mucous membrane of the mouth corresponding histologi- 
cally to the meas’ ■ ^ . . . . . . 

senes of animals 
attack Shaffer 

naso-pharyngeal washings from early cases produces typical infections m 
children and monkeys, the disease in the latter being milder than the usual 
human infection They ha%-e cultivated the nnis from naso-pharyngeal 
washings in the chono-allantoic membrane of the chick embryo and repro- 
duced the typical disease in children and monkeys by injecting matenal 
obtained after several subcultures Taniguchi and his associates claimed to 
have established m rabbits several strains of virus from the blood and filtered 


of measles were produced Also, the serum of convalescent patients had a 
neutralising action on the vurus Other workers have failed to transmit the 
disease to rabbits and it is doubtful whether animals other than monkeys arc 
susceptible (see Gordon and Knighton , Hurst and Cooke) 

There is now a considerable amount of evidence that the measles virus 
can be cultivated m the chono-allantoic membrane of the embryo chick and 
in tissue cultures, and that the cultivTited virus under experimental condi- 
tions can reproduce the disease, though repeated cultivation may lead to 
attenuation (see Kakc . Mayer , Stokes et at ) Knowledge is still lacking 
regarding the virus bodies, though cell inclusions have been desenbed tn the 
nasal cpitliclium and in the Kophk lesions of the mucous membrane of the 
mouth (Broadhurst et al ). The relationship of tlicse to the vinis requires 
further stiidj 

The immunity following an attack of measles has long been rccngniscd. 
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and e.xperimenfai work has shown that it depends mainly on specific 
properties resident in the blood serum (Nicolle and Conseil). The semm of 
convalescents, taken One week after defervescence, has been used both in tie 
prophylaxis and treatment of measles. It has been found that if the immune 
serum is injected during thehrst fn-e days after infection, an effective passive 
immunity is produced -which may persist for a month. According to Brincier 
the appropriate dose for a cliild is double the number of c.c, corresponding to 
the age in years, injected intramuscularly. Further, an injection even after 
the fifth da)’, t.e. on the seventh to tenth day, tends to modify the subsequent 
att^k , and this proceduremaybeadopted with advantage,' as was suggested 

by ■ ■ -....-/-n... 

ing 

by . 

for the supply of conwilescents' serum, centres have been established m 
various countries for collecting and distributing the serum, which is obtained 
from convalescent donors over ten years of age (it is necessary, of course, to 
ensure that they are free from any other systemic infection, e.g. s>philis, 
tuberculosis) Pooled serum is used, but at present there is no means of 
standardising the serum. When convalescent serum is not available pooled 
normal adults' serum in a dose double that of convalescent serum can be 
used. Adult serum is mainly applicable to children under five years ; 
this agemconveniently large amounts are required. Preparations of globulins 
extracted from human placentas contain the measles antibody and can like- 
wise be used- for proph)’lactic purposes, the dose of such preparations bei^ 
generally 2 c.c. injected intramuscularly (McKhann and Chu). It is 
that the efficacy of placental globulin is intermediate between that ’ 
v'alescent and ' adult ’ serum Recently preparations of the gamma g o u ^ 
of human serum have been shown to possess marked prophylactic prope i 
a dose of 2 c c. given prior to the ninth day after e.xposure to ^ 

pJetelv prevents the disease m children under four j’ears of age | 
et al }. The production of a mild form of measles by inoculatio 
cultivated virus {vide supra) has been suggested as a means 
immunisation. 

BtJBELLA (GERMAN MEASLES) 

It has been generally assumed that this disease is due by 

Recently Habel claimed to have transmitted the .ncubation 

inoculation wath blood and nasal washings from cases. . u-rnnho- 

period a slight febrile illness developed 'rith leucopema, pp^finuatofy 
cytosis and an eruption similar to that of the human is 
ev’idence is required. 


DURAND’S DISEASE 


a-pig-ftdth 


The x-irus was isolated by intraperitonealinocu a * illness li’ 

blood from a patient dunng a short influenza-liKe . 0 / (reJls and 

human disease the cerebro-spinal fluid may snow • the most suscep- - 
. T. 1,_ „ Thegumea-pig 

by 


erics by 
"indlay) 


imculation with suspensions of spleen “r, 'he related I)™)*'’ ®!?”5 

Subeutaneous inoculation leads to enfalgnraen soroetOT ^ 

due to hyperplasia of the rcticuloa:ndothdial animals ■ 

subcutaneous oedema. About 10 per cent 
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spleen shows considerable enlargement and there may be pneumonic lesions. 
Animals which sur^’ive the infection become solidly immune to reinoculation. 
Subcutaneous or intraperitoneal inoculation of v'arious other animals, e.g. 
monkeys, cats, dogs, rats, and mice, leads to an almost inapparent infection. 
But nervous symptoms (paresis, etc ) follow intracerebral inoculation of the 
larger animals. The \ irus proliferates in a mixture of 10 per cent, heated 
human serum in TyTode’s solution to which a small amount of minced chick 
embryo has been added, and it survives long after the tissue ceils have died 
Cultures have also been got by inoculation into the yolk sac or on to the 
chorio-allantoic membrane of hens’ eggs. There is no cross-immunity with 
tlie «rus of liTOphogranuloma inguinale or l^miphocytic choriomeningitis. 
Although the varus of Durand's disease resembles certain viruses found in the 
guinea-pig, the former does not spread by contact among these animals 

INFECTIVE MONONUCLEOSIS (GLANDULAR FEVER) . 

This condition is characterised by fever along with enlargement of 
lymphatic glands, especially in the neck, and there may also be splenomegaly 
Non-granular leucocytes are increased in the blood, cell counts of ov’er 30.000 
per c mm being recorded Abnormal cells are a feature, these resembling 


several relapses In infective mononucleosis marked agglutinins for sheep 
red corpuscles (hecerophile antibody) appear in the blood and this may be of 
value in diagnosis (the Paul-Bunnell test) , agglutination with the patient's 
serum in a dilution of 1 256 or higher may be regarded as positive (see 
Dempster) A positu'e reaction may not develop until late in the disease, 


the ox, but not by a suspension of giimea-pig’s kidney, whereas the agglu- 
tinins developed in serum disease arc not absorbed by o.x red cells, but are 
reduced by contact with guinea-pig’s kidney (Dempster , see Barrett for 
methods of procedure) In many cases of infective mononucleosis no organ- 
isms of any kind have been demonstrated in the blood or IjTnph glands 
Wising observed the development of the condition m a volunteer following 
transfusion of sudi blood from a patient But apparently a similar clinical 
picture may be caused by infection with Bact monocytogenes (see Webb) 
and Toxoplasma (Bland) 

MUMPS (INFECTIVE PAROTITIS) 

It has been established by the wxirk of Granata and others that rabbits, 
monkeys, and cats develop lesions when inoculated svith stenle filtrates of 
the sahx’a from cases of mumps or of fluid obtamed bj' puncturing the parotid 
gland. The disease can be transferred in scries through cats by means of 
inoculation into the parotid gland or testis (WoUstein) Swelling and tender- 
ness of the inoculated organs dex’dop after five to nine da3’s, and the micro- 
scopic cliangcs are similar to those m the human disease The %nrus disappears 
from the saliva between the sixth and ninth day of the disease , it is present 
in the blood m severe cases. The disease can also be produced in monkej's 
by introducing infective filtrates into Stenson's duct, and a senes of passages 
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have been effected in this way (Findlay and Clarke). Further, it has been 
shown that the vinis can produce mumps in susceptible persons after passage 
in monkeys (Johnson and Goodpasture). Blood serum from a recovered 
animal when mixed with tissue containing the virus neutralises the action of 
the latter. After intracerebral inoculation of filtered mouth washings from 
acute cases of mumps into monkey's, meningifis and degenerative changes in 
the nerve cells of the brain and cord occur, and there are changes in the parotid 
when sur\’ival is sufficiently prolonged (Gordon). Jleningo-encephalitis. 
usually^of a mild type, maj’ also occur as a clinical complication of murnps 
The \nnis survives in 50 per cent, glycerol for at least five weeks and is resis- 
tant to drjnng and freezing. It has been cultivated in the fertile egg, eg 
in the allantoic sac and the amniotic cavity (see Burnet, 194C). 

Complement-fixing antibody is present in the serum during the illness and 
in convalescence, and the complement-fixation reaction has been used for 
diagnostic purposes, e.g. in mumps encephalitis (Kane and Enders). Infected 
monke}’ parotid gland or chick embryo fluids in which the virus has been 
cuJtiv'ated may be used as antigen for the serological test. As in measks. 
convalescent serum has been used with a certain amount of success in 
the prophyla.xis of mumps, the serum being injected within five days after 
e.xposurc to infection. 

The mumps vims, cultivated in the amniotic cavity 0/ the cbich embryo, powsea 
hamagglutinatmg properties like those of the iniluenra Minis, and the serum of con 
valescents specifically inhibits this reaction The red cells of the fo"!. pigron, guinea- 
pig, and man have been found susceptible to such agglufioation The hamagglutinafing 
property >s remov ed by absorption with fowls' cells, and the virus can later be 
from the cells, which have now become inaggloti/iable by the virus (see Bevendge and 
Lind) 


EPIDEimC KERATO-CONJUKOrmTIS 

An eye condition, tending to occur in epidemics and appearing especially 
on the sea-coast ship-yard conjunctivitis ’),has been recognised as a clinical 
entity in Europe, North America, and the Middle East. It is characterised 
by acute onset of moderately severe conjunctivitis with painful enlargeinent 
of the pre-auncuJar gJand and often swelling of the subma.villary gland 1 e 
conjunctiva] secretion shows fine fibiinons tlireads and a few , bo 

inclusion bodies are found in epithelial scrapings. One eye may be a ^ * 
first, tfie second becoming inv’olved later Macular keratitis or other 
changes are usually present also; these lesions tend to be ‘ 

In some cases in Egypt the association of this condition with „ 

(especially seborrhceic dermatitis) of the scalp or face has '-eeh ^ ^ 
on the same side when one eye was affected (O'Donovan an * «c 
Sanders cl al isolated from conjunctiv'al scrapii’is a filtemble vnm 
of tissue cultures grown at room temperature , it caused . .k^ougb 

rabbits on intracerebral inoculation and the sseasc could be p , 
m.ce series The «,us was — 

t imee but obtained tissue cult«e. 

ilationo! the labbifs cornea, 

EPIDEMIC CASTnO-ENIEHITIS ^ ^ ^ ^ 

,0,, ftiolos'- 

Recently expenmental evidence has oevu wu..-. ,i,,idren ui tt»o in'-rUab 
and Hodes investigated four epidemics m '*1 »cfe attacked a"’ 

BaJfimore-VV'ashington area A large proportion of 
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three outbreaks there was a high mortality . no bacteria of specific intestinal pathogenic 
types were found The presence of a filterable aitent wai demonstrated in the stools 
from cases m each outbreak by nasal feeding of the material to young cal% es a\ eraging 
one to three weeks old Diarrhcca with the presence of mucus and blo^ developed after 
an incubation period of two to five days, and the intestines showed hyperjemia with 
swelling of the lymphoid tissue and mesentenc lymph glands Passage was effected 
with filtered fjeces from the caUes . also spread of the infection by contact occurred 
Neutralising properties were demonstrated in the serum of recovered babies and in a 
rabbit injected with the infective material For inactivation the virus required to be 
exposed to above 70“ C for one hour It was not found in a number of healthy babies 
or calves, and ij differed apparently from the causal agent of a natural case of calf 
scour : also it was not identical with Baker's virus of pneumo-ententis of calves, which 
IS transmissible to mice Gordon et al investigated an outbreak of gastro-ententis 
among adult inmates of a New York State hospital and showed that filtrates of the 
f®ces of early cases when administered by mouth to volunteers reproduced the disease 
after an incubation period averaging three days The materul was inactivated by auto- 
claving at 121® C for twenty minutes Several passages were effected with filtered 
material from experimental cases Recovery from an attack was followed by immunity 
to remoculation Both the viruses from infants and adults remained active when kept 
at —70° C It remains to be determined whether such findings apply generally to 
epidemic gastro enteritis in other localities 


CANINE DISTEMPER 

This infectious disease, winch is common in dogs, foxes, fitches, and ferrets, 
has been proved to be of virus ongin. though secondary bacterial infection 
contributes often to the complete pathological condition The virus infection 
IS generalised from the outset, but there is a pronounced localisation in the 
respiratory system with resulting catarrhal inflammation, and pneumonia 
may ensue The gastro-mtestinal tract may also be affected and in some cases 
encephalitis occurs. It is possible that in certain of the enceplialitic cases, an 
independent virus is responsible (or the effects on the central nervous s> stem 
(Verimde) The disease can be reproduced experimentally m dogs and ferrets 
by subcutaneous injection of blood, tissues, c.g spleen, and discharges from 
the natural disease , 

Little IS yet known about the characters of the virus Both cytoplasmic 
and intranuclear inclusions have been described m the epithelial cells of the 
respiratory passages, urinary bladder, and certain other tissues, and their 
occurrence m the nose and bladder has liccn considered by Green and Evans 
to be diagnostic Cultivation of the virus in the chono-allantoic membrane 
of the embryo chick has been achieved Prophylactic vaccination has met 
with consulcrablc success The usual vaccine is a formohsed emulsion of 
spleen and mesenteric glands from infected dogs, and injection of this prepara- 
tion IS followed alter fourteen daj's by an iniection of active virus from the 
spleen and gl.inds of infected ferrets Another method of immunisation is to 
inject virulent ferret virus followed after one and a half hours by a dose of 
immune scrum jirodnccd m dogs This immune scrum lias aUo bwn applied 
for therapeutic jnirjioscs fscc Laidlaw and Dunkin . Dalling) 

It should be noted that 'Cat distemper' is due to an cntirclv different 
virus, more related to the pMttacosis vims and the virus of pneumonia in mice 
described b\ Nigg {vtde p. Feline ni/fCfio»s fiifcrihs has also been 

found to Ixi of varus ongm but distinct from the cat distcmjwr virus (sec 
Ilatnmon and Knders) 

BINDERPEST 

This is an infectious disease of cattle and buftilocs occurring mamU in 
Asia and .\frica. It is characlcnsed b\ signs and svmjitoms of a gcncr.discd 
infection with .a h.amnrrhnpc inlfamiiiation and ulcerative condition of the 



GOO SWIXE FEVER . 

alinicntriry tract. A fttterable infective agent can be demonstrated in the 
Wood, tissues, and discbai:gcs, by experimental transmission of the disease 
to cattle and goats, tbongb passage in the latter species le-idii to attenua- 
tion of the vims for cattfe. ft has been shown that m the blood the nras 
is associated with the lewcocj’tes and is not free in the serum. The rims 
is sensitive to do'jn^ does not resist giyccrol So far it has not been 
cultivated. The disease is transmitted by the nasal and other discharges 
and tlie virus probably invades the body by a mucous membrane. Rccoitry 
is associated Aritli a durable immunity. Large-scale immunisation has 
been snccess/ulJj’ practised bj* the use of a vaccine consisting of formohsed 
spleen pulp from infected animals, along with immune serum. A riru*. 
adapted to goats (vide supra) lias also been employed with successful results, 
the dried spleen tissue bcing^ iiserl as the vaccine. (See Daiibney; .Mined; 
Pfaff : and Schein.) 

SWINE FEVER 


This IS a highly infectious disease occurring in pigs, hut not transmissible 
naturally to otlicr domestic animals, man, or laboratory animals. It tak« 
the fonn of a general infection with a secondary or associated haemorrhagic 
inflammatorj condition of the intestinal tract, and in chronic or protracteil 
cases necrotic lesions in the bowel. Tlic etiological problem of the 
has been complicated in the past by the occurrence of Bs (or Salmomiio) 
sm'pesUfer in the intestinai lesions, but this infection must be regarded now as 
secondary In some cases there may be secondary pulmonary lesions in 
^vhlch a Pasteurella group organism is found also, representing a secondary 
infection and this fias led to confusion of the disease with ^vine 
It must be recognised that Salmoftella and Pnsktirella organisms are ony 
found in a proportion of cases. . . 

Jt Jias been hnown for some lime that a filterable virus iS p i . 
responsible for swme fever, filtrates from blood, serum, 
various tissues of infected pigs reproduce on inoculation in av 

disease, and once established m this way the rirus can and 

a senes of animals by pass.rgc c.vp<Tintents. Recovery from the ^ 
experimental disease is associated 

serum of immune animals has rs 

animals remain carriers of the infection. Presumably natural 

by ingestion ir has been fo“n^ 

Our knowledge of the virus is still incomplete, it i+survivesin 
possess considerable resisfance to physical and cljemical agen g were) 

dried material and m presen'ed meats. It is resistant to F 
It has been grown in the chorio-allantoic membrane of > 

in tissue cultures from pigs' testes, _ infected blood 

Af ueb w ork has been done on propliylactic Recently the 

along with an immune semm has been used for the P P • ^^5 be 

' crystal \nolet vaccine ' has been successfully - action : 0 05 per 

rendered inactive by this dye while retaining its rrnmn phosphate, 

cent crystal violet IS added to infected blood along V, before use. 

and the mature ,s kept at 37» C. for fourteen dajs 
CJhlenhuth ee al , Tenbroeck.) 


•mBS sreOCABDITlS 

arions an't"-";** (his 

carditis has been recorded. Hehvig and Schnii 


The spontaneous occurrence in various this condil'®'’ 
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in several anthropoid apes in captivity and isolated from one of them a 
filterable virus by injecting pleural fluid and spleen suspension into mice 
Inoculation by various routes — intravenous, mtrapentoneal, subcutaneous, 
nasal, etc — was successful Paralysis developed irt a few days and death 
occurred in seven to ten days usually. In addition to the heart lesion, 
encephalo-myelitis was marked post mortem. Passage was successful, the 
virus being widely present m the tissues ; but after ten passages the virulence 
declined. Hamsters were also susceptible and then rabbits in descending 
degree. Rats suffered no ill effects from nch inoculation with the virus. 
Growth of the virus in the allantoic sac of hens’ eggs was not regularly 
successful Recovered mice showed neutralising antibodies in their serum , 
and Smadel found that serum from soldiers convalescent after ‘ three daj 
tever ’ in Manila neutralised the virus, whereas serum from cases of rheumatic 
fever failed (Schmidt). 

INFECTIOUS NEOPLASMS OP RABBITS 


'' ' ’ . , . • • been isolated 

, ■ , ... unfiltered 

and also filtered material and lesions develop rapidly, first at the site of 
inoculation and subsequently in other parts, including the spleen and lym- 
phatic glands The disease runs a rapid course with a fatal result usually in 
a week or a fortnight Elementary bodies have been demonstrated and the 
size of the virus has been estimated as 125 to 225 ruf* The virus has been 
cultivated in tlie chono-allantoic membrane. Acidophile cytoplasmic in- 
clusions have been described in epidermal cells, which according to Rivers 
are involved in the lesions, apart from the proliferation of connective tissue 
elements (See Rivers et al ) 

Infectious fibromatosis was first described by Shops in cotton-tail rabbits 
The disease is non-fatal and spontaneously retrogressive. Filtrates of the 
tumours reproduce the lesions The size of the virus is apparently about 
125 to 175 m/i. Cytoplasmic inclusions may be found m the lesions. It is of 
interest that a variant strain has been obtained from the fibromatosis virus, 
which produces an inflammatory condition without neoplastic changes , and 
it is of further interest that, as shown by Shope, animals recovered from the 
fibroma virus are immune to myxomatosis , the converse cross-immunity 
has also been observed. Moreover U a mixture ol heated (60'’ to 80” C.) 
inactive myxoma inrus, and the fibroma virus are inoculated, myxomatosis 
results The explanation of this finding is still doubtful, though it seems clear 
that the two viruses have a definite relationship to one another (See Shope , 
Andrewes , Berry and Dednck.) 

Infectious papillomatosis also occurs in cotton-tail rabbits and takes the 
form of multiple skm papillomata The disease is transmissible in these 
rabbits and is retrogressive as a rule \Vhen, however, domestic rabbits 
are inoculated \nth infective matenal, some of the resulting papillomata 
become malignant. Papillomatosis so produced in the domestic rabbit 
is not readily transmissible, and a filterable \nrus is difficult to demon- 
strate The virus is much smaller than those of the other rabbit 
tumours, from 23 to 50 m/i U can resist heating up to 67” C for 
thirty minutes There is no evidence so far that the presence of the virus 
IS essential for the propagation of the derived malignant tumour when 
inoculated into other rabbits (Sec Sharp ft al . Shope , Shope an«l 
Hurst ) 
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VIRUS DISEASES OF BIRDS 


VIRUS DISEASES OF DOMESTIC BIRDS 


Several infectious diseases of domestic birds are due to viruses, iudud-ng’ 
JoK'lpox, which has already been considered among the pox diseases of man 
and animals One of the most infective of these is foK'l-plague ; thus an 
exceedingly minute quantity of blood, 0 OOOOOOl c.c., from an infected bird 
serves as an inoculum in the experimental transmission of the disease to 
chickens. The virus is also present in nasal and cloacal secretion. Filtrates 
are likewise infective and the size of the virus is estimated as 60 to 90 in 
diametral size It is of special interest that the virus in the blood has ken 
found to be concentrated in the leucocyte fraction after centrifu^ng. The 
virus can be cultiv'ated in the chorio-allantoic membrane of the embr) o chid- 
The so-called Neuxastle disease of fowls was reported first by Dojde. It 
bears some resemblance to fowl-plague. It is transmissible e.xperimentallv 
to fowls and pigeons, whereas the fowl-plague virus does not infect the latter. 
A virus has been demonstrated and its size estimated at 80 to 120 ni/< 
Cultures are obtained in the chorio-allantoic membrane and cause marked 
lesions in the embryo The allantoic fluid yields the agglutination reaction 
with fowls’ erythrocytes as described by Hirst m the case of influenza nnis 
cultures Moreover, this virus when inoculated in mice intranasaily produces 
a pneumonic lesion. It has no immunological relationship, however, to the 


influenza virus. 

Other infectious diseases of fowls due to viruses are infeclio»i 
trachettis, uifections bronchtlh, blue comb, and leiikanua. Though a mhis 
has not yet been proved in fotel-paralysis, the evidence available at presen 
points to a virus causation of the disease. . r n«v 

Of special interest in regard to the whole problem oi the etiology e 
plasms js the virus-hke agent which has been demonstrated in e 
sarcoma. This tumour can be -transmitted to fowls by the 

filtrates from the tumour, and the active agent is generally regarde 

similar to those of true infectious diseases Other ‘ filterable turn 
also been described in fowls and other birds. Elementary homes 
demonstrated in filtrates of the Rous sarcoma, and the sire o e 
tides IS estimated wthgradocol filters as 75 to 150 m;«. rT? factor and 

power of the virus to produce a tumour depends on an addi lo a 
he also claims to have cultivated the virus anaerobi^ ^hrvo 
containing broth, rabbit’s serum, and a fragment of chic ' erti j • 
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BACTERIOPHAGE 

It hds long been known that bactena'in culture are apt to undergo a process 
of autolysis, becoming dvsintcgratwl and sometimes disappeanng , such 
changes set in earlier and are more pronounced in some species than in 
others. However, it has come to be recognised that rapid lysis may be set 
up by some special agents or stimuli, and tfiat such a Ij'tic process is transmiss- 
ible to other cultures by the products of the ly'sis Twort (1915), in working 
with certain micrococci obtained from vaccine Ij-mph, observed the appear- 
ance of glassy and transparent patches in cultures on agar, winch increased 
at the expense of the ordinary bacterial growth He found that a similar 
lytic change could be transmitted to fresh growths by inoculation from a 
glassy patch, and that in this way the change could be continued for an 
indefmite period of time Further, he showed that the lytic agent w’as 
present in bactcnum-frec filtrates which had been passed through Very line 
porcelain filters. He discussed the \'anous possibilities in explanation of 
the phenomenon, including that of its being due to an ultra-microscopic 
virus ; but considered that a 
definite conclusion was not war- 
ranted A Similar phenomenon 
was described somewhat later by 
d’Horelle (1917), first in the case 
of a dysentery bacillus, and was 
made the subject of a long scries 
of important researches He 
formed the opinion that the lysis 
was due to an ultra-microscopic 
virus and, m fact, represented 
tiic result of a parasitic infection 
of the hactona by the \inis. He 
applied the term ‘ bacteriophage ' to the supposed virus, and this term 
iias come into common use ; it is oUen used in t\\e abbreviated form of 
‘ phage ■ Various jiliagcs have now licen obtained which act on many 
different organisms, including tlic Gram-ucgativc mtcsimal (ommcjis.-iK ami 
p.Hhogcn5. r choUrtv, IS. pesfis, staphylococci, streptococci, // dtphtfifrt(t, 
Ji std'tihs (m the \ogctativc stage), etc 

Conditions ol Action, When bartcnoph.»ge is added to an agar surface 
tuUurc a ilcar band dcsclojvs along the line of inocul.ition. and this ma\ 
iiunUe the whole culture, the surface ol the methum liccnnimg clear of 
growth (Fig lOO) Often colonics dcsclnp on the clear surface after a lime 
.iiid thc^c are formed from rcMst.int organisms whicli have e>ca})c«l the Ivtic 
.nlion When a >ouug hroth culture, turbid m appearance, is inocul.itcil 
with hactcnopliagc. it gradually bccomts clear as the f\sis goes on and ulti- 
m.ittli all trace of turbidity mav disapj»car Hut if the lirotli is itUKul.ited 
with tlic <irg.inisms anil at the same time a \ety small amount of phage in 
lUtnxhiceil. imiUiplication of the Uictma «>ccurs for four or liie hmirs--and 
.iclii.dU In stumihled as comp.arctl with the rate of growth m the contml 
culture licking plngc . then clearing rapullv takes pi uc riiiid cultures arc 
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seldom completely sterilised by' the phage ; turbidity develops again later, 
owing to the growth of resistant oig:anisms. If a well-developed young cul- 
ture of an organism in broth be inoculated with a lytic dose of phage, and 
then some of it is spread over an agar plate the film of growth comes to be 
beset with small circular clear areas or ' plaques which represent points of 
action of the lytic principle or, according to d'Herelle’s view, ' colonies of 
the bacteriophage ' (Fig. 161). When the bacterial colonies on a plate are 
of some size, those affected by the lytic process may be partly cleared and 
present a ‘ nibbled ’ appearance. " 

Bail showed that when a filtrate of material which naturally contains 
phage, such as faeces, is allowed to act on a susceptible culture in dilutions 
which produce discrete plaques, the latter may not all be of the same she 


infra), owing to their greater diflusibility, are those which produce the larger 
plaques A pure strain of phage may be obtained as follows : a fluid culture 
is inoculated from a plaque and is filtered after clearing has occurred ; mgh 
dilutions of the filtrate then 







plated on a culture of the same 
bacteria ; and these procedures are 
repeated several times, discrete 
plaque being used as the Inoculum 
on each occasion. In characterisml 
a pliage the chief features whwli 
should be noted are the size oMne 
plaques ; the completeness of 
in their centre and ivJiether second- 
ary colonies develop; theformoime 

margins, whether uniform or iires”; 
Jar, and whether the edge is sh-it? or 

shelving or there is a thtdened ro. 

o( growth or a rone of 

'•>8 nod if so its relate 

(Sertic and BouIgako\’. 

When a lytic dose of bacteriophage is added to Kje%a?e by 

tible organisms the first detectable occurrence is the ftx . ^ j. 

the latter, so that it diminishes greatly in the fluid f ^ 
a sudden great increase in the bacteriophage content o .j:csolution of ‘be 
taken to be the result of setting free howe^r. 

organisms in which they have multiplied I cisnensiou o/ 5 Usccpfib)« 
that the addition of a very' large dose of phage . ^ a su pen^ qiiickly-'^f^'^ 
bacteria at room temperature may bnng abo,v ‘hn d 
a few minutes— o-hereas lysis occurs only d.er so ....^lenilcd h)' >1'' 
clearing relative to the number of partrtes ™ „f manganoo 

presence of certain substances in the medium, g- 

Thl amount of lytic agent present in a of tti>>» “'jj 

be estimated quantitatively in se-reral Jf.,ul,urc a fi«‘> 

containing a standard quantity ,„bes being tht 

varying dilutions of the phage is added, se. era e"!'"'" of 

each dflution. and the mixtures are incubated, i n 
phage 15 determined which "jl' „,bor of ^ 

culture to which it has been added. (*) A n 
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are uniformly inoculated on the surface with a dense suspension of a young 
culture of the susceptible organism , when these have dried a standard 
amount of each of a series of decimal dilutions of the lytic filtrate is spread 
over the whole surface of a plate Alternatively, the mixtures of culture and 
phage dilutions may be prepared first and then inoculated on to the plates. 
After incubation, the plate showing discrete plaques is selected and their 
number counted. Under optimum conditions, each plaque is regarded as 
representing the action of one particle of phage (c) Another method consists 
in adding a suitable dilution of phage to a measured amount of a standard 
suspension of susceptible organisms . from the time which is required for a 
certain degree of clearing to occur under constant conditions the number of 


filtrate were plated on agar along with the susceptible strain of bacteria 
From the plaque count (visible after a few hour?’ incubation) the concentration 
of phage particles in the undiluted 
filtrate was estimated and sufficient 
was then added to a young, grow- 
ing broth culture of the bacteria to 
give slightly less than an average 
of one particle per standard volume 
(0 02 c c ) This volume of the 
mixture was drawn into a number 
of capillary pipettes which were 
sealed at the narrow end and in- 
cubated at 37® C. At suitably short 
intervals batches of the tubes were 
taken and the whole contents of 
each spread separately on an agar 
plate After incubation, the num- 
ber of resulting plaques in each 
culture represented the number of 
phage particles derived from one 
organism It was found that for 
some time at the beginning no 
change in the number of plaques occurred and then there was a sudden 
marked increase This result corresponds with that obtained by micro- 
scopic examination {vtde injra} 

As regards the changes produced in the bacteria bv the action of 
phage when observed under the microscope by dark-ground illumination, it 
has been found m the case of B cob that the cdls swell up and then suddenly 
undergo disruption Tlie staphylococcu*? after piehmmary swelling becomes 
reduced in site and density and then slowlj disintegrates With D viega- 
therium there is no preliminary enlargement and the final stage of lysis occurs 
slowly A number of particles is seen to form inside the organisms and to 
become free when the bacterial cell disintegrates From one B colt several 
hundred particles (phage bodies) are liberated, but from a stajihylococrus 
not more than four lEisenfaerg-Merling) Tlie phage particles as shown by 
the electron microscope (Fig 1G2) have often a tadpolc-hke appearance 
(Luna et al ) There is evidence that. the clearing brought about by b.icteno- 
phage when acting on a susceptible culture is, in part at least, due to enzymes 
which are incapable of multiplication For instance, m the case of those 
phages which produce plaques surrounded by a halo of partial clearing, it is 
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found by subcultnring th.it the halo is devoid of phage, ft is not know 
the'msdvcs'' 

Pfop.ig.ition and action of the bacteriophage, so far as is known, take 
place only in the substance of living and multiplying bacteria ; thus pfcage 
does not lyse organisms suspended m saline nor does it increase under these 
conditions No one lias been able to show any increase of it in any mediura 
not containing the bacteria. On the other hand, killed bacteria may fi\ the 
pliage, and so also exceptionally may living organisms which are insensitive 
to its action. Lysis of susceptible bacteria under the influence of phage 
does not occur in cultures on gelatin or agar which is too concentrated, 
neither docs it occur in the presence of tissues, as in tissue cultures: 
also, the addition of scnim to a preparation of phage inhibits its action 
Pliagc may multipl}* in ctdtiircs of bacteria in synthetic media. Traces 
of calcium are necessary both for the lytjc action and propagation of many 
bacteriophages, these being inhibited by the addition of sodium citrate to 
the medium 

The relation of bacteriophage to bacterial variation has already been 
mentioned (p. 25 ). As has l>ccn seen, this is associated with changes in the 
antigenic constituents of the organisms. While the action of phage on the 
S typo leads to the appearance of K forms, the reverse may also occw, 
though rarely. But .iccpiircd resistance to phage may not be accompaniw 
bj’ any change in the antigenic characters of an organism detectable by 
means of agglutinating antisera (Burnet). Again, the S and R forms of s 
given organism differ in their .susceptibility to phage action; as a rule the 
latter are acted on b}’ a vndcr variety of phages than the former In this 
respect also there is considerable parallelism between the distnbution oi a 
common somatic antigen in different bacterial species and their sensitnene^ 
to a giv’cn jihage This has been confirmed by the hnrVmg that thost . 
ella organisms which contain the same complex polysaccharide 
antigen tend to be susceptible to the same strain of phage. Also su^ ^ 
saccharides when extracted from Sahnonelh bacilh h^ye the proper 
combining with the corresponding phage and preventing its ° .1.5 
susceptible bacilli (Gough and Burnet). Phages for the gy 

have been discovered, the activity of which depends on the ’ i an lo 
this means it has been shown tJiat a number of types of this organ 

SOURCES OF BACrERIOPflAGE 

Bacteriophages have most frequently been obtained 
tract of the human subject and animals {eg. pigs, chickens). cultivated 

or diseased condition They have also Wen got .1,. j-npeired to 

from lesions in the tissues, and further, they have of obtain- 

develop in ordinary cultures m the laboratory The usua 
ing a bacteriophage is to make a culture of freces or J the lytio 
with v’arious organisms, then filter and test for t le p filtrate 

property by inoculating a culture of the same . orgauisfu can 

After a bacteriophage has been obtained, its action , 5 is to 

frequently’ be increased by passing through ^ ^ certain 0 

say, by promoting active proliferation of ^ further passages Occa* 
activity of the bacteriophage is then maintained by vv 

sionally. however, it dies out spontaneously. of the susceptibie 

when a minute dose of phage is added to grea 
culture. 
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Bacteriophages tlius obtained present considerable differences in respect 
to the organisms on which tliey exert a lytic action. A phage as originally 
obtained from a culture of a dysentery bacillus, for instance, has usually a 
certain action on members of the same group, and on some varieties of B. 
coh ; as a rule it has little or no action on the organisms of other groups. 
It has been found, however, that when a phage is added repeatedly to cul- 
tures of certain insensitive organisms, e g. by propagating it in a mixture 
with the susceptible bacteria, lytic properties towards the former may 
be developed Further, it has been found that while lytic action for one 
organism is acquired, it may be lost for another 

PHENOMENA OF RESISTANCE TO BACTERIOPHAGE, AND 
LYSOGENIC ORGANISMS 

It has already been seen that when a culture which has been cleared by 
phage is allowed to stand, growth usually appears in it later The organisms 
which thus develop are found to be resistant to l)^is by the onginal phage 
This acquired insusceptibility may conveniently ^ termed ' resistance ’ in 
order to distinguish it from the * insensitive ' state of a culture to a phage 
with which It has come in contact for the first time In the case of a strain 
of organism which is susceptible to several different phages, ff resistance to 
each type of phage is developed in the manner described above, it is found 
that such resistance is specific — that is, the strain which has been rendered 
resistant to one type remains susceptible to the others A culture can 
acquire resistance to several different phages by subjecting it to these succes- 
sively Also, when an organism has developed resistance as the result of 
treatment with a particular s;>ecunen of phage, it may become susceptible 
to other phages which were without action on it m its original state Bail 
has proposed a classification of bacicnophages according to the following 
principle When a resistant strain of organisms has been developed by 
contact with a particular phage, and it is found that as a result the organisms 
have also become resistant to other specimens of phage, then the latter belong 
to the same group as that which originated the resistance. 

It IS noteworthy that certain cultures, although consisting entirely of 
organisms w’hich show no lysis, nevertheless yield a lytic agent for other 
organisms , such cultures are termed ' lysogeme ’ The behavnour of resis- 
tant and ’ ..... 

a view to 
Burnet , 

culture lias been acted on by phage are sometimes, but by no means invari- 
ably, Ksogeme, 1 e they continue to produce a ' symbiotic ’ phage which 
lyses the onginal strain In contrast with what has been stated above, the 
acti\it\ of phage formed by a lysogenic strain tends to decrease when the 
organisms are kept under conditions promoting \*cry active multiplication, 
i f rapid subcuUunng In these circumstances a modified (' attenuated ’) 
phage may still be jiroduced, which is fixed by the onginal organisms , 
although it does not lyse them, it confers protection against an active phage 
added afteiwards Subsequently phage production may no longer be 
detectable and apparently the strain ceases to produce any phage From 
w h.\t has been stated abo\ c it will be seen that resistance to a phage may be 
produced m tw o way s — (rt) by contact with the phage leading to a strain 
which no longer fixes this phage, or (6) by first allowing the organisms to fix 
a non-lvtic v.iriant phage and thereby keeping the lytic phage out of 
combination wath them. 
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It appeare that a resistant strain of organisms which de\'eIop 3 in a cuUu,-? 
lysed by a phage is no longer capable of fixing the latter. However, as his 
been seen, this resistant strain may at the same time be lysogenic and 
capable of fixing the phage wlu'ch it produces. Accordingly, \-ariint phi-jcs 
have been developed which differ from the original both in combinin? 
affinities and lytic power ; nei’ertheless they are identical with the originjl 
strain of phage in other characters, vtz. the size of the plaques produced, 
antigenic properties, and thermo-resisbince (t'irfr infra). 

Tliere is so far no conclusive e\'idence that a phage can be dci’cloped in i 
culture of organisms in any way, except by inoculating them with a pre- 
e.xisting phage, \\ffiere there is apparent development of phage de ticna, it 
seems likely that this is to be accounted for by the conditions leading to 
increase of virulence of one already present in an attenuated condition, eg 
a lysogenic strain which has ceased to produce active jdiage owing to too 
frequent subculturing, may under circumstances Jess favourabJe to vegetative 
growth of the bacteria (poor media and infrequent subculture) begin to 
produce the active phage again. 


RESISTANCE OF BACTEBTOPHAGE TO PHYSICAL AND 
CHEMICAL AGENTS 

In comparison with most uniceJhi/ar organisms, bactenophage has some- 
what higher powers of resistance to various agencies. Tor example, a 1)^^! 
culture may contain the lytic principle after several years, as is shovm by 
inoculating from it to a fresh culture of the organism originally lysed. F.tcm 
kept in sealed tubes for over a year have been found to contain the barteno- 
phage, practically unchanged. Further, it may withstand drying for sevcri 
months Different specimens show variation in resistance to , 
some instances a temperature of over 75® C. for half an hour is 
ensure destniction However, the composition ol the nvedvaui 
markedly the effect of heat, and resistance is much greater m the 1 0 
than when moist A striking obscnution made in the case of a 
strain of the sponng bacillus. H. megatherium, by den Dooren tl'- 
that the property of producing phage j>crsistcd after the 
heated for five minutes at lOO” C., whereas the phage itself was < ' ^ 

70" C irt the same time. Similarly, in the case of .i,(. 

subtihs artificially inoculated with the corresponding phage, a 
had been boiled and allowed to genninatc the resmUng cu v , . 

phage (Cowles). But when a fresh specimen of phage ha> tlie 

of total destruction, it is found that on standing for , ,t . phijt 

greater part of the activity may be rccoveretl 1^ flerelle j 

was not destroyed after being kept in 1 in 200 < 
lOQ earbohe acid for three days, after a some’, aat 

followed- Some pliages are readily dcstroyc'* by the acti ^ 

of urea or neutral salts of quinine and a few by . oloU''' 

phage was destroyed by the photodynamn. action of a j,,' jiWiu' 

of methylene blue in the presence of oxygen, but y,Uc 
isi'ns cither of iiomologocis or heterologous 

general, substances which act as antiseptics or 'vhi , . . j. nKist-mcc 
b . .... -wuough they may show M.wr.w 

Howe\-cr, b.acteriophagc> • 1*^' 

g agents. Tim. "^Cixtvwc 

manganate it is i^ssibfe to tree a culture cuUuu-a-’ 

aphage to which it fssensitive, ontheolherha t,« , 


BACTERIOPHAGE 


60 y 


be deprived of its capacity to produce phage by such methods (Lominski). 
It may also be mentioned that bacteriophage persists for a long period in a 


Anti-Xniective Action oi Bacteriophage. It has been shewn under experi- 
mental conditions that an infection can be combated by administering a 
phage lytic for the organisms concerned (AsUeshov et al . ; and others). In 
the case of mice infected intraperitoncally n-ith a lethal dose of virulent 
typhoid bacilli containing Vi antigen {vide tnfra), an intravenous injection of 
the corresponding Vi phage wthin an interv'al of several hours protected the 
great majority of the animals , on the other hand, a heterologous Vi phage 
did nol have 
produced by • 
by injecting ' . 

active against the organisms. The exact mechanism of the protective action 
of the phage, whether in directly killing the organisms or by promoting 
phagocytosis or otherwise, is not clear, Iiowever In more chrome infections, 
beneficial effects from administration of bacteriophage might also be due 
either to the production of a non-specific stimulation of the defences or to its 
acting as a \accme The latter property may be ver>’ pronounced, as in the 
case of a phage-lysed culture of the Pasleurtlla of hfcmorrhagic septiocmia of 
buffaloes, which confers marked protection against the disease (d’HereUe) 

The fact that phages are inhibited in their action by tissues and tissue 
products or scrum suggests a reason (or the. frequently recorded failures to 
produce a therapeutic result by their administration It might be expected 
that the greatest effect would be obtained in relatively superficial infections , 
and success has been recorded in cholera f^v) In the case of bacillary 
dysentery, the well-controlled investigations of Boyd and Portnoy showed 
neither modification of the clinical features of the disease not any influence 
on excretion of the organisms following administration by mouth of a potent 
phage which both reached the blood stream and was excreted in the faices. 

NATURE OF BACJTERIOPHAGE 

Regarding the nature of the transmissible lytic agent there still is much 
controversy Various llieoncs have been put forward, but these essentially 
centre around two, namclv Oi) that the agent is a Ii\ing ulira-microscopic 
virus {q V ), and (6) that it is a non-living fennent supplied by the bacteria 
themsches A third view . that bacteriophage is a gene. 'so far lacks experi- 
mental evidence It is generally agreed that fixation of the phage by the 
bacteria is a neccssaiy’ preUminary and that the actual lytic process depends 
upon an enr-yme. The question at issue is whether this is produced by the 
bacteria IhcmscUcs or bj a definite cxt^cnous virus. One has to note that 
such a virus has neser iKcn cultivatetl in any medium apart from bacteria 
m the li\ing state D'ncfclle regards the change m the Ivtic projiertics 
which iiia\ Ih’ brought al»oul in a bacteriophage as a process of ad.ijita- 
tion and as c% idcncc tliat the phage is a living oi^anism Tlie phenomenon 
seems howcv er. exphr.ible also on the enzsme thcon*, since if one cnzjTne can 
lead to the .u tiv.ition of .mother, a diflerenl «»r more active enryme may lx* 
set frw Thus, tho-^ who reg.ird the agent a> non hung consider that it 13 
an endoitenons auloK te- en/\ine transmissible from bacterium to bactenum. 
.\crording to Itordct .ind Ciiica, the Inrtem licaune intKlifictl in some svav, 
.10 
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so that an inherent tcnrlency to awtolj'fic processes is exaeeerattd Thh 
inodjficntion is transmitted to the descendants of the bacteria, and thus the 
lytic jiroccss is described as l)eing hereditarily transmissible The autohsin 
diffuses in the medium and sets up similar autolysis in other bacteria Such 
a view involves the possibility of an enzyme giving rise to, or setting free, 
more enzyme of similar nature, as the lytic agent undoubtedlv increases in 
amount. Bordet has pointed out as an analogy that thrombin in bringing 
about coagulation of the blood also leads to increase of itself. It has also 
been shown tliat trypsin and jicpsm undergo a similar form of ' autocataKtic ’ 
increase (Kimitz and Northrop : Hernott and Northrop). 

The particulate nature of phage has been demonstrated by ph)sical 
methods. Thus, Schlcsinger has caused the particles to sediment by powerful 
ccntrifugalisiug and lias estimated their size from the energy required to 
bnng them down. Elford and Andrewes by the use of filters composed of 
collodion membranes of graded poros{tj\ have shown that different phages 
which act on the same organism may vary' g^eatfy in size from S to rz m/i to 
50 to 75 m/I Investigation by means of the inactivating effect of X-rat-son 
phages has given results as regards size which agree well uith those of the 
ultra-filter and ultra-ccntnfugc (WoUman and Lacassagae). On the other 
hand, a particular phage does not undeigo alteration in the size of its par- 
ticles as a result of growfh in different Sjiccies of susceptible organisms or 
after purification 

Northrop has obtained a highly purified slapliylococcai bacteriophage 
wth the properties of a homogeneous nucleoprotein of molecular weight Jfo 
million (as estimated by the ultra-centrifuge) ; it is very unstable. 

A concentr.itc<l purified preparation of B. colt b.ictenophageimesttgatw 
by Scldesmger manifested practically no respiratory metabolism in rcUtue ) 
large amounts cither by itself or ui'th dead organisms belonging to the sw 
ccptiblc culture, or in a sub-K tic dose along with a Jivingculture Nofer^ 

pfopcrtyc.vceptpliosphataiccouldbcdcmonstrated . but other phosp a 
derived from tissues were devoid of phage action • • w m those 

Biietenophnge ptissesses antigenic properties which are distinct iro 
of the organisms on which it acts . thus phage-containing 
injected into animals devclojis antibodies which inhibit the \ iit 

Schlesinger, by means of a purified D. coh phage, prepared an an | 
rabbits which antagonised the lytic properties of the phage, j^^Ycep- 
agglutinating effect on the corresponding organism , this, '.y^ed by 

tion.il Bortlet and Ciuca found that the antilytic differs 

antiserum which has been heated at 60'' C ; m this respect i . 

from that of bactcncidal sera. TJic also agg a m. , rr..r.r.ri> 

particles By means of such antisera. 

between different phages which act or ^ _ 

the antilytic effect is e.\ertcd only against the 

a phage wJiich has been adapted to various .species 0 ° strain b 

cliange its antigenic characters, t.e Us action ori ° any other 

still antagonised by an antiserum derelopcd by i* P 

strain. , .potion have 

The two questions posed at the beginning ot ttits whether or not 

undecided— whether the bactenophage is Imng or ,t The first 

It IS purely a product of the organisms m of viruses "f 

has become merged in the mder problem of ^ plants, are so sini • 

been seen, some of the latter, particularly thos- affe ^ the te 

being of the size of a large protein “•o’™!®' has no dwmeo 
life in the usual sense, as applied to organised st 
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Oil 


ing. As regards the second, the antigenic identity of a particular bacterio 
phage irrespective of the species of o^amstns in which it is propagated, 
has been advanced as evidence that phage is a distinct specific entity. 
However, the random manner m which a given antigen, eg. Forssman's 
(vide p. 97), may be distributed among difierent animal species renders this 
argument inconclusive. Accordingly, taking into consideration all the facts, 
it does not seem justifiable at present to express a definite view as to the 
nature of bacteriophage 



CHAPTER XXXII 


THK PATHOGENIC FUNGI 
By R. Crakstox Low 

Titr true vary In size (roni the smaller forms — the unicellular jm/j— 
up through the multicellular imtiUs to the larger -fonns, such as mmhmms 
and touifstoo/s. Tlie latter come into the province of the botanist and need 
not be discussed here , tl\c former are the concern of the bacteriologist and 
make up a very large group of organisms of xtirious sizes and forms. Some are 
pathogenic to man and animals, whilst others, though ron-pathogenic, are 
in^portant in bacteriological technique because, being universally prese^m 
dust an<l air. thev cause contamination of cultures and culture media 
More recently also some of them have come into prominence on account 
of their power to produce antibiotic substances, such as penicrllin 

DESCRIPTIVE TERMS APPLIED TO THE FUNGI (see Fig. 183) 

The muItjccUulAr moutds arc coinp<Kcd of elongated ccp. 
fdament^ kiionn as h>plia‘ (No « • • 

shows a loose network in the rr 

It IS the vegetative part of the . 

spore The main hjTt*^ of a ‘'“’“•<1 ® 

When mj celium gro«'5 the hypha is at first one continuous A apwor 

at intervals in its course, ft may remain like this or *1 *vose which !>»'« 

at regular intervals along its course, so that moulds ore divided in 
a noQ'SCptato and those which have a septate myetbam condi* 

Although the hyplia: grow by sprouting from the 

tions are suitable, fungi normally reproduce tbemseh es b>specia^ bactem 

which arc reproductive organs and ore not to ^ confused /.-ji bas analogic* 

The chJamvdospore, which is a resting stage, is the only fungus ^,- 5 ^ bygff; 

m of 

. , lok 

lone 

filamentous process called a germ tulw (N'o 3) first is slwajs 

spore. The germ tube elongates to fonn the new '' . part of 

septate, but in certain fungi septa soon appear. filaments 1° 

raycehum In growing moulds there are “o i ,.,.c,tative which 

most multicellular lungi there arc tivo kinds of or aerial, v hich 

the substrate (medium) , digest and absorb it and (t) rep , 

into the air and bear on their ends or sides various ° ^^”.0 They consul of 
The spores of fungi do not contain n trne e»>» “ '‘'“i.S.Pa mas! of 
outer wall (episporc) and an inner wall There 

containing droplets of fatty material and a minute nuclea^d>^^^^^ 

modes of spore formation, which are nsed as a baiu ^issunda^ cells, by 

Spores may be either sexnal, formed from two a), formed hy th^ h%'^y 

division after the fusion of nuclear bodiw . J^produce themse'v^ 

of a single cell without fusion with another Some fun^ reprw d,lfeie 

one process, others by both In some parasitic lu S < 

hosts may be necessary for the hfe cycle. „„ ^rt-ans are as follows : . „j„oIar 

The different types of spores and spo^beanag ° J ^ynded bodies 5rpos«^ 
Chlomydosports iHo 4) are found m byp}^^ as beternunalormt'^ 

contentsanda tough, thick, double-contouredwau i j v from 

,a to 



Fig 163 0> Wast showing nucleai body, glyco(^ vacuole, fat globules, granular proto- 

.t- r., j • • « •» oj j mjgy^ mycelium 

■ (3) Conidu (itucro- 

• ■ -111 tubes 1 to 8 •*. 

itaitving 4 ascthpotes. 



dJ sieiismita suppottinR row s ol conuin (Nos l-S, x I3») , nos l-O and' 12-lT, x 4-’« s nos" 
10 and II. 'ir*>l 
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Ascopores (Uo 5) 

Odspores are thosi j ^ 

female spore (oogonium) 

Zygospores (No C) are the result of the union of two similar spores 
Blastospores are formed by budding, e g. in the yeasts The bud is an exact replica 
in miniature of the original cell (No 9). 

Arthrospores (No 7) are formed the lij'pha: breaking up into short 5egment5. 
which become disarticulated and so set free 
Oidia are arthrospores of C3'lindncal form 

Special spores [Macroconidta) are found in cultures of the Ringuorm fungi and are 
characteristic of them They are (aj Fuseaux, fusiform septate spores (No Id), «ith 
pointed or club-shaped ends (t) Syirrn/s, with longer short coils (No 13) (c) PccUnaie 
bodies, elongated elements with buds on one side only, producing a comb-like structure 
(No 10) (d) l^odular organs, consisting of twisted and knotted budding projections 

(No 11) 

The significance and function of these special spores is quite unknown. 

Vesicle IS the swollen end of a hypha bearing a group of spores (No JG) 

Sterignia (Nos 1C and 17) is a short stalk, bearing chain-hke rows of conidu, ig 
m Aspergillus &nd PemetUtum ' 

sporangium (Nos 14 and 15) is a sac containing an indefinite number of spores at 
the end of a hypha. 

Spoiangiophore is a special hj-pha bearing a sporangium (Nos 14 and 15) 

Columella is the distal end of a hypha to which a sporangium (Nos H and 15) h 
attached 

Stolon (No 15) IS a runner-like branch of certain fungi, which runs along the sumc* 
of the medium ’ a v. 

Rhteoids arc root-Iike groups of projections occurring along the stolons and Dunrt 
m the medium (No !•>) . , 

SeleroUa are resting bodies formed of compacted masses of mycelium and rna^ 
small or very large 


GENERAL CLASSIFICATION AND BIOLOGY OF THE TRUE 
FUNGI (EOMYCETES) 

Fungi are classified and identified by their methods of spore 
not possible to identify a fungus in culture until spores are formed A 
which IS occasionally of assistance in identification is based , <-*huai of each, 

different fungi are grown together, so that the hyphas intermix, the jyjtuyes of 

although intertwined, will never join up with each other -v. addition 

the same fungus are allowed to grow together, the hypl'®' elements o - 
to intertwining, will meet end to end at their growing tips . 

tmuous hypha That is proof positive that these two fungi are i eu i 

FUMYCFTFS are divided into two mam groups and five clashes 


(1) Hypha typically non-septate 

(fl) Sexual fructification by oospores 
(6) Sexual fructification by zygospores 

(2) Hypha typically septate 

(a) Principal spores endogenous in a 


=zpHYCOMYCETES 

= Oomyceles 
=Zygoinyceies 

==MyCOHVCETES 
= Ascomycetes 


16) Principal spores exogenous in basidia ^ 

(c) Propagated by asexual spores (conidia) ^ ffyp^^„,ycetes or fungi ' 

The majority of the fungi which are important to t^he 
included m the Ascomycetes and the Hypkomycetes Theyarethe g 

bodies in a closed sac or ascus, whic* Fn this class aUo a« 

class of fungi, over 15.000 species having been f _„eiuc. « g 
common moulds and yeasts, both pathogenic and ^ P ^ Claiierp^ pu'P'^' ‘ 
gjJlj and penicillia, the yeasts used in brewing and ba »> 
produces ergot of rye. 
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The Hyphomyceles {Fungi imperfecit) are also a very Jarge class with incomplete or 
incompletely known life cycles TTie name Fungus itnperfectus is not a good one, since 
it IS not the fungus which is imperfect, but our knowledge of it which is deficient So 
far as is known, they reproduce themselves by asexual spores tconidia) only, but many 
of them possess the characteristic mycelium of AscoinyceUs and reproduce themselves 
by conidia similar to those formed by known .-f scoi»3 cites Some of the A tpergillus and 
Pentcillium groups produce ascospores and are therefore classified as Ascomycetes, 
whilst others, so tar as is known, do not and these have been placed among the Fungi 
imperfecti Most of the Fungi imperfecti are probably Ascoiuycetrs which would produce 
the perfect stage with asci under special circumstances not as yet discovered .Many of 
the common fungi, popularly known as moulds and mildew, belong to this class, which 
also contains the fungi producing many of the common fungus diseases in man and 
animals, e g ringworm, thrush, etc 

UmcelMar Fungi (Kos 1 and 9) are popularly known as YeasU , thesj are single- 
cclled organisms which reproduce by budding onlj They never produce true mycelium, 


includes more coarsely granular masses staining witli fuchsin and consisting of meta- 
chtomatic material or \ olutm similar to the granules ot the diphtheria bacillus These 
loiutm granules, consisting ot material of the nature ot nucleoprotem, must not be 
confused with the jeast-cell nucleus which, as m all fungi is very small and does 
not stain with the ordinary basic nuclear stains The nucleus can only be demon- 
strated after prolonged staining with iron hsmatoxyUn, which stains it a black colour 
This so-called nucleus is about I ^ m diameter It has no definite chromatin network 
Owing to Its small site it is difiicult to say whether it divides by karyokmesis, as some 
workers have stated As it is so small and does not stain like an ordinary tissue-cell 
nucleus it 18 better not to call it a nucleus, but a nuclear body When a yeast cell buds, 
part of the nuclear body is extruded from the parent cell into the bud to form the nuclear 
body of the new cell Every yeast cell also shows a large, clear highly refractile space or 
vacuole, which IS filled with carbohydrate m the form of glycogen When the yeast is 
gtowtng under good nutrvtvonaV conditions, the glycogen vacuole becomes very large, 
filling up a large part of the cell, but when the food supply is deficient, the glycogen is 
used up and the vacuole diminishes in sue This glycogen vacuole is very conspicuous 
in all yeasts when examined under the microscope m the unstained condition and is apt 
to be mistaken for the ctll nucleus In the cell cytoplasm there are also some small, very 
highly refractile fat globules 

Yeasts are divided into Tfi<e and False Yeasts 

The True Yeasts or ^accharoinycetes arc used m baking, brewing, and distilling, and 
are never pathogemc As they form asco’-pores thev belong to the Ascomycetes In 
culture they show a thick, opaque mucoid growth, smooth or wrinkled They are white, 
cream or pinkish in colour and thev grow rapidly at 37' C producing a \erv good 
growth in twenty-four hours 

The False Yeasts are the Torula or Cryploc<}Cti they are of exactly the same shape 
and sire as the true yeasts and, like them reproduce by budding only Their cultures 
are mucoid, but some of them are slimy in character They are white, cream, yellow, or 
bright red in cohiur As they jiroduce no ascospores. they are classed among the ftypho- 
myceles {F tni?i imperfecti) Mivst of tb« false jxasts are non-pathogenic and occur 
frequently in dust in the air. and on the skin, especially of the scalp There is one 
pithogenic variety, the Cryplocnicus homints [Tonila hisMytica) 

The MuUicetlular Fungi are those lommonly designated ' moulds They occur in 
infinite variety and are divided into non pathogens and pathogens The non-pathogens 
inctude all the conimon moulds lound on damp walls, stale bread, cheese jam etc 
Their sports arc universally present in dust and in the air and they do an immense amount 
of damage by causing spoilage of food, especially the moist foods such as fruits . they 
also contaminate culture media Structurally, these moulds arc similar to the yeasts, 
only instead of being round or oval, they are elongated in the form of the hypha The 
hyjiha has an outer wall of fungus cellulose, granular protoplasm with minute nuclear 
bwlv volutm granules, glvcogcn vacuole, and fat droplets INo ,2) The lungu- awxual 
spore (conidium) also has a similar structure to the yeast cell, only on a smaller scale 
Hvph.c Vary in breadth Irom 1 to tO fi and the segments varv in length from 10 to 
40 ft. or even longer depending on the species The spores vary in iliametcr Irom 
3 to 1 0 ,1 

Intermediate I'etwccn the unicellular veasts and the multicellular moulds are those 
fungi winch grow both b\ budding and by hypha prruluction . there arc two groups, 
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In one group the culture is naOTtr, 

Sfs“;™, et“ , ° “ ’■ ■nonWe. ' S %t«<4 


PiiystoLOGy OT Fungus Growth 

Ns/lnlwK The mouid fungi, iiie the higher p/an£s. produce vegetative grontl 
(mycelium} when food is abundant and conditions favourable, and fruit bodies (spores) 
under conatttons ivliich tend to check growth. For fungus growth, water and free 
cxj-gen are absolutely essential, also certain other chemical substances, e g. sources oi 
carbon, nitrogen, potassium, sulphur, phosphorus, magnesium, and sometimes iron Yei) 
small quantities of food and moisture are required to support life Fungi can grow 
on glass and metal surfaces, cotton and Itoen cloth, etc They may get suffiaeat 
moisture, nitrogen, carbon, etc , from the air to allow growth and keep them m Wf 
They obtain their nourishment by' absorption of food materials in solution through the 
cell wall of the mycelium, which is submerged in the medium 


the air 

Light. Most common moulds grow equally well in light or darkness. The growth 
of Rhitopus ntgricans, a common contaminant, is stimulated by light. Other fungi are 
definitely phototropic. » « grow towards the light. 

Tefnperatun There is a wide range of thermal death-points, but on the whole, both 
spores and mycelium are less affected by dry than moist beat Moulds are less resnUot 
to heat than the majority of bacteria As the fungus spore, unlike the 
has practically no greater resistance to heat than the myceliuto, all fun^ are * 
70' C. m afew mmutes The optimum temperature lor growth vanes with the spwiw 
Matty common moulds, e.g. mucors and penicillia. grow best at S7' C , but many eta , 
e g sporothnx. are inhibited at that temperature and growr best at room ^*®P*J*^ ' 
slightly above it Many species can live and grow below freezing-point Cimsp 
herbaruvt grow's and its spores germinate on meat in cold store at •d C. w ^ 
fungi wiU also survive for months at that temperature .Mom/ia 
freezing at — 79” C for six months and probably much longer. talentd 

Reaction of niedutm A w'ide variation in the hydrogen-ioa rrrowtli 

by fungi In general, a slightly acid medium (pH 4 to 5) is the 


utilisation of nitrogen from sodium nitrate liberates alkali anu so p each 

Moulds may change in colour when the pH of the medium break do«Ti 

other’s growth when there is competition for available food One gw P 
organic material which can be utilised by another group, e g (toadstoob) 

primarily by Mucorales followed by AsconiyceUs and finally ifosi } 

True parasitism of fungi on each other IS not uncommon much the sa™* 

Laboratory TECHNiguE for PeaLjnc with Fu^cl inu and stenh-*^ 

bactena, but with certain modifications Culture ^'mekindscfgbs*'^*” 

in tlie same way as for the ordinary bactenologicalwork ano 

are used Fungi grow best m a medium containing su 'ar. ^ ’ '* 

Czapek’s medium is the lujttid medium most frei len > 
consists of 


Saccharose 
Sodium nitrate 

Dipotassium hydrogen phosphate 
Magnesium sulphate 
Potassium chloride 
Ferrous sulphate 
Water 

The liquid is contained in flasks or flat sen '-cap 
IS inoculated with an emulsion of fungus inyc«'iuro o 


30 0 grnvs 
2 0 „ 
1-0 grm 
05 ,. 

0 5 .. 

0 01 - 
1,000 c.c 


pipette 

Solid media 


often used than liquids 


*oiia meaia are more oicen oseu -- ,t„e or 

medium is employed It contains 4 per cent ctio 


■-•/.-“'■I"””’' 
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• • - ^ 5 Pj.q. 

. — ‘ of 

or screw -cap bottles j.jhj luw— 

addition of gentian violet (1 in 500,000) or brilliant green m -i,,, , > 

inhibit contaminating bacteria Blood tellnnte medium, as used for the growth of the 
diphtheria bacillus, can also be used , and MacConkey's medium is very useful for the 

»--* wire-loop, but it must 
-1*- the 
but It IS 
medium 


at 87^ C , but more usually ai — v , , 

As most fungi grow slowly the cultures must be kept for weeks oeiuu „ s 

are obtained and therefore the lower the temperature the less drying of the medium 
Scre«-cap bottles are useful, but the cap must be removed at intervals to allow of 
aeration 

Some fungi keep thevr characters on prolonged subculture, but others lose their dis- 
tinctive features Mutation or sectoring (also called pleooiorphism by Sabouraud) is 
V — •' cultures Certam sectors of the culture change their appearance, 

1; of snorulation This change 

t ■ '*■ 



“g 

he 

lal 

' ’ ml 

breaks readily ana iiie ^ • he 

r Thecomiaonest 

' her the 

■ • al cases 

esses in 

< -vealso 

• igus in 

condi- 
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16) .s SS, . 

surface 

(rhizoid 

long, 

It to 
/rtiZr 

sporc^^. Uv .1. -* 

cultures It js non-pathogenic 
It has been described in cases . 
invader 

rounds \hc "''“contam.natecultTOsua 

the pcnicillia, but they may akobs n'hMh ® ‘h Mlour. someivhat hke those ot 

and ascl are formed The ^he hypha- are sept.t. 

which projects from the mycch„m7nd « “ 'P' tooidioptec 

numerous ster.smata eaS, SL V""""’® &»”>»« 

These rows of conidla ZLiT":Lt^ round comd.a, are produced (X. l«l 
which IS easy to reeoSn.s? •'ffufons, so as to form a larpe rounded ' head ' 

and s 

and 

path 

frorr 

infected are the '"temaf organs may occur The birds most oUrt 

infected from the Diceon H Human beings are most frequent^ 

of human b«n« Kuabs The lung lefvou 

occur, but It u^nUv nin<! ” hxmoptysis and cavity formation tna\ 

present in the soutum in tuberculosis Aspergilli are frequently 

the presence of an and chronic bronchitis, but. asinofberlunginfectwns, 

eenic AsnepirrP. ^1*" sputum docs not necessarily mean that it upathu- 

naial sinusM^-i/rmf'^f,* found m infections of the external auditory meaw, 

o{ Madura frtftfaf ‘ j' skin, usually as secondary invaders* Therein also a form 

due to this for the pus, which is stated by Brumpt to be 

m/ectioni of fungus, designated Aspttgtllm bouffardi {Madurtlla) Pnre^n 

to an extract of aspergilfus spores have 
nxatian tests have given inconclusiv 
substances which are antibiotic to bacteria 

eenus of fungi, of which over COO species ha\e been 
aescnoeci Only some species are kaowu to produce asci and these, ihrtefore, belon? to 
Peaicilliura is one of the most easily recognised genera The culture 
velvety and, although white at first, in a fesv dayrs turn the charactenstic blaish-Rff*® 

* 1 , “f” ® ‘^f fungus IS examined under the low power of the iti'cn^ 

scope the characteristic pemcillium (No 17) can be readily seen The pemciHium ^ 
brush ronsKifs rtf I / . . < , r,rf,ster' 

icconi' 

immon 

cause oi spoilage - ' • ' * — • i -— — •<i •'<« The 

biulsh-green stre 
due to penicilhc 
vitamin D 0th 

^cular species, Pemcilhum notaittm. produces the welJ-knoun antibiotic, 

Penicillia are verj’ common contaminants m Jaboratoms and will grow’ on 
meclmm It ,s doubtful if they are ever true pathogens They occur occauoQal^ 
otitis externa, where they are probably secondary invaders 
has been found in one case of Madura foot and a few cases of lung infections na 
ascribed rather dubiously to a peniciUium infection 

The great majority of fungus infections in man are infections of 
and its appendages (Dermatomycoses), but there are also a 
fungus infections of the viscera, which frequently lead to a fatal ^ 

Within recent years, these latter conditions have been recorded 
ing frequency, indicating that they are probably not so rare as w3S 
time supposed. 
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CLASSIFICATION OF FUNGUS INFECTIONS OF MAN 


Group I : due to True Moulds, which show mycelium and spores in both 
{(ssiifs and cultures. Cultures show aenal hyphce and are never mucoid 
T-, . \ (a) Micro'sporosis 

Dermatomj^sesl jj' Tnchophytosis. 

( inea or ing- Epidermophytosis 
M-orml I y 

Aspergillosis (wtrfe p. 618) 

Coccidiomycosis 

Chromoblastomycosis Mossy Foot ‘) 


Group II ' due to Yeasts and yeastdike fungi {Blasiomyceies), which show 
only yeast-like forms with buds in both tissues and cultures. True iityce/iion 
IS never found. Cultures are always mucoid 

European Blastomycosis (Torulosis, Cryptococcosis) 
Pityriasis capitis 

Group III [Intermediate between Groups I and 11) : 

(a) jO»e (o fungi which show only yeast-like forms tn the tissues and both 
yeastdike organisms and mycelium in culture Cultures show aerial hyphce 
and are never iniicoicl 

Sporotrichosis 

Hemisporosis 

North and South American Blastomycoses. 

Histoplasmosis 

(b) Due to fungi which show yeastdike organisms and myceliumtn (he tissues 
and yeast-like organisms [only or chiefly) in culture Cultures are always 
mucoid 

Moniliasis (Thrush) 

Pit>Tiasts versicolor 

Piedra 


Diseases Due to True Moulds 
DERMATOMYCOSES 

By far the commonest fungus infections of the skin, hair, and nails are the 
different forms of ringu orm and favus These diseases are spread by infection 
from man to man, animal to animal, or animal to man The fungi of these 
conditions can be readily cultn'ated from the skin of infected liuman beings 
and animals, but, so far as is known, never occur as contaminants of media, 
so that they probably are true parasites and do not exist for long apart from 
the living animal body Epidermopkyton infection, however, mav be spread 
by contact wath infected clothing, or, in the case of the feet, by infected bath- 
room floors or mats, from which the fungus has been grown, but m theve 
cases the contamination of the foraitcs has probably been a fairly recent one 
Tlie Dermatomycoses arc all due to the Fungi imperfecti [llypbom\cetes) 
The diagnosis can be confirmed by microscopic examination of material from 

* s sufficient for clinical 

■ human or animal, is 
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of T Examination ot Maierui i„ nnsmni, „dl,„, 

liwn ThA A if Al '7 ' '™'” “P«a<i<»S eiji ol III 

,l ° J. alloctcd area shonU be cleansed „,th mcHiyiatd soiiit and srale. I--, 


*>u'idce 01 tiie scalp and il necessary one must die down mth tie lorcer-i 


li'ivi aie p'" 
applied. 



the hig I ■ 

sary. 

fungus more visible. A-Iso, it should alwa^’S be remembered that when looking lor tangos 
m any unstained specimen, if there is doubt as to whether what is seen is taagns w o«. 
a negative report should be given ' If fungus is present it is always quite typical 
definite, 

\Vhen cultures are to be made, the material is collected and placed on a slide, tie 
iostrumepts used and microscope slides all having been previously sterilised by 
The skin scales and pieces of nail should be washed with absolute alcohol or nirtbjuW 
spirit for one mmute before being planted on the medium This is sot ueces^^ 
advisable when dealing with ringworm hairs, which are placed on the atenle slwe ^ ■ 
with a sharp sterile knife, cut into small pieces The material is theo y- 

platmum loop to the medium, the sterilised loop having been previously ?*'**“’“ 
into the medium so that the material will stick to it when touched by the 


weeks or so should be made, otherwise mutation may take place and the 
characteristics MTien grown on ordinary agar the culture ^ ,-jjl be 

mutation so readily as when on sugar agar. The appo^irance of t e 
described under each type of infection. , ,„.A„„9nd difficuH. 

The stainiag of fungus in hairs, nails, and skm is rather unsat s r> 
and is unnecessary for diagnostic purposes. , fnroiamiDaho'**®'^ 

If material from skin, hair, or nails has to be sent to a laboratory ^ 

report, it should be placed between two previously flamed mtcroscop 
ivrapped in a piece of white paper and placed in a small oov. 

EIKGWORM or TINEA is classified according to the catisa! " 
may belong to one of four groups : 

(1) A/icros^oron {small-spore ringtvorm fut / .«rm fiin'ms) 1 

(2) Trichophyion <3T ^Uga/oTporoa ° 

(3) Epidermophyton ; 

(4) Achorton. 

Mictospotou. The stnall-spore nngworn thiscountn'- 

majority of cases of ringworm of the scalp latrs i ^ found to he 

W'hen an infected hair is examined in Uq. t tas^ ( funghs 

riddled witli a fine septate mycelium {1 •» surface where J 

it splits up the hair substance, penetraU „ hunches ^ t 

forms bunches of small round spor» (2 < 3 p). , , sheath, "h>ch 

so numerous that they form round the Ii.xtr a co j 
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be removed before one can see (lie mycelial 'iiireads underneath in the bm 
Itscll. As the mycelium pushes its u-ay between the cells of the hair corfev 
Jt separates them so that when a dfecased hair is pullcci on it never comes 
out by the root, but breaks off about the level of the skin surface. Where 
the hair breaks, fiie free end is characteristically frayed-out. In addition 
to infecting the hairs, the smalbsporc fungus may gi\e rise to superficiel 
rod ringed lesions in the skin adjacent to the scalp. The nails are verj' seldom 
affected by this fungus, 

T)ic species of /ungus most cotnmoftly present rn f/ie human sroall-spcre 
ringworm is iificrosporou ttttdoHtni (I'ig. 165), but the cat fungus M.Jthnim 
is also a frequent cause. More rarciy M. lanosum (doe) and J/. equiKum 
(horse) may be found. 

All the small-spore ringworm fungi produce somewhat simiiar cultures. 
whicli show a fiat, thin, radiating growth of a greyish rolmir with a fine 



Fjc Hji'» Hair mlcctwl with rwAoMjW” Photograph of 
unstainnl prcporation x500 
Aofe rOe MiM of <he ‘‘poft’* ' m >Si a/ftl ICB arr 0° t 
pirable, as m photosraphs of «iich Ihick rTparaiions »t \, impossio f 
lo foi us the oiiifinrs sharply 

veh-ety surface Titey are never so thick and opaque ar are 

examining such cultures micwscopiatlly, small sjwres s{io« 

seen springing from the sides of the hyphre, which in ^ • a 
racquet-shaped segments (Fig. 1C3, No. 6} The presence of 

spindles (fuseau.x) (Fig. 163, No. 12) with poin.ed yds is cfiara 
^[icrQsporoK, and pectinate bodies may alM be found < q{ 

Trichophyton or MegaJosporon is associate' 
scalp and beard and of the skin and nails Info ted hairs r 
w.\y as in the small-spore infection and the n il simstan ^^jjj.spore 

fungus growing in it The skin lesions are mo. the spreading 

ringworm and show definite large rings with j suppurate alsu 

edge Deep granulomatous lesions which bicak contracted horn 

occur, especially in the animal infections, eg in ,. becoming'‘^‘l’ 
cattle On the scalp also, a large rounded area may Thi? » a 

red and tender to touch with pus oozing bwn rineworm. Som®' 

deep infection ivith the fungus and is known as a K 
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what Similar but smaller inflamed lesions also occur in nngworm of the beard 
In all such cases the follicular suj^mration leads to shedding of the diseased 
hairs and that, together with the allergy winch develops, leads to a spontan- 
eous cure of the condition m from eight to twelve weeks 

^Vhen hairs from trichophyton infections are examined micToscopically, 
the fungus is found to ha\ e split up the hair substance as m the small-spore 
variety, so that the broken ends are brush-hke (Fig IG6) The fungus grows 
in long chains of rectangular slightly elongated elements called ‘ large spores 
These are probably short hyphal elements which have broken up to form rows 



Fic 1«.7 «l, 1 richol<h\ton traUrtforme i. Tficko 
fihMon ratareum Satravraud s roedwro 

of arthrospores Thev are slightly larger than the sporca of .tficros/.owi, 
being 5 to S // in breadth When the rows of spores run in chains in the 
substance of the hair, the fungus is known as T ctn/o//irtx and when outside 
on the surface of the hair, as T fctathnx, and when in both situations, as 
T fcto endoihnx Large-spore ringworm fungus growing in the sKin scales 
shows a network of long mvcdial threads running m all directions, with no 
spores evcopt an occasional chJainvdospore These threads of fungus do not 
follow the outline of the epithelial cells When the nails are infected, the 
funsus is seen as rows of large squarc-ctmtcrcd spores running in chains in all 
diret lions through the nail substance 

t allures of rrjc/ii>/>Ai tnn arc more luxuriant and opaque than those of the 
Mu r is/.<.r<r»t 5fan\ sjk'cios of both human and animvvf ongin. are known. 




Tin: PAT IIOGKNIC rUNOl 

%uinKM nii.i jh.jt ui .1. ^mnfk^an„»n (riij. 171, c) h «hitc. 

ami l!u«y jr, \ncniW chliinvcios™ ait 

fotiiKl at,.! m.uTiMri.nulM c,i!/r,] ‘di.imWW<-, wfiids 

jicrtin.ntf lx»'Iirs j(fj «ihori jk'r'»w'>JAr in nJJ fiin'cU'W 

IminimUy anfl Supmwiiilven«j in the Derraaforarcoses, hy-vt 
iwl rkxnT nv riwiw..rm, it U nmdi Ks conta^-n?. 

nir <lo tuit lifral: nfl as m in \lv‘ {va«ia?.l 

Mi»/.i(.r ^j«)rr< arr %h^<l on to tli»* cIoiIim. ftc., of the jutKnt. Al^o fnt* 
v{ litf n*i( i/n ot)l si>'>nf at ptilt^rly, as i« the case in rL':?- 

«o?;n r.u'fjs, if iintriMtr*!. may lut the ufjr.l.* lifflini-* td iJie patient. zrA 
IfMrl to ronijih’ir rie.itrid.il Uinjt.'w iirtn of the on the nti'r 

fi iml. <tn{y afhet** chihfrm tip i<» Uio ai;<‘ «»( aUkin fiftw. to s-utwa yrxvi. 
At th.it aj;r th^ «hVs i.itt '{»»ntam-im»fy wfirtlier ft i< irnted or net. 

.S/oifarfy .iff \(mm‘ am'm.if'. «*c- f-Mtens, rafi'i^. vie., are my to nr-.’- 
iioriii of the li.ijf .util in tljrm t)ir ruri'Iiiton otii ••^lontaneou-lyal th' 


i i>. tT<' ft •>ii',rt4r*> ft ajj-t*-/ •! 1,*,'}*' 

O'o^inj ««<‘l MOoU '■— * 

an,' "( u«-lv>- 1,. .•ifiliU-i-n luonllis, «l,irli c..rn-‘jvn.l- In 
yo.ars of Aitv m ilu* liiirnan A^iuU" wav \*-con\e m i 

iionn «if tfa- shin. ri.iiN. .«»! IkmhI Iuun but jj*-%vrof liw^ • P 

ti„» -l.nuM lx- ‘O I,.1. n.-v.T Ixvn oxiJVmwl In (a* 

or Ifxs Uk.i1i-o>I loi.m- lirixllirr.1 liy tin- Imm 

skm eniptnifiv »na\ *vriif Ihc^' ,vner.iJ 

\o^l<ll}.^r. pustular, eli anil they are occur if 

ivitli piTfM.T, mil) niorplioniirjcar clr. ^ict nith >n 

tviK"'' of riokworm ami favus infc*ciioii. but are luos t and 

the .Itrp-seatecI uiftYtions. eA’ Kvrion of to the 07^ 

corimris. <lue loan infection siith cattle nup«rti* • - ‘x,ridt'>, 

fmiKUs pnHlucmp the crnptiim they au‘ . on',Tin..tl jnfrctlon 

pUMuk-!, and f.iv i.ln.s r.-I>crl..-clv Tl.f "/.'''iSr » to* 

J>ccn (leinonstraled in ami cultural from ^ r,.,fiirinir tfie 
been cultivate,! fro,,, tt.e circulatinf: earrieJKy't' 
three days After tlic apjiearance of the ^kin rash. 
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blood stream to the 

TV.P 

fa V ..->.i.ver, when the rash 

is there is no evidence of the presence 

of ^ me lesions of the rash Extracts of ringworm and favms fungi 
have been made "and are knorvn as nucrosponn, tnchophytin, and favm 
They are in every way analogous to tuberculin Polyvalent preparations 
of a mixture of microsporin. tnchophytin. and favm arc on the market 
under the name of ‘ inchgphytm Bloch produced scarJatmiform and 



Tif. 171 ». V'hoit^Tjjvh of drawing oj '(.Aonoa scAon/fiiiii on S-vhou 

raiJd sm-iljcwi Jgar 6 W show «kMitioti of firnWith c. ThatO 

CT.iph* ol riiHiiT<*s of ichoTian jttirtfAi’anxm (The cotitril culture of e was 

Koljirtl front 4 t J«, aiwl tfw lw<» other* fewn a man infwted front tt t 

hclicnoid eruptions bv intravenous injection of tnchnpfiytm in cases 
of kenon rmgivorm Wien tnchophytin is .ipphcd to die skin either bv 
inunction, bv the Pirrjuct stTatch method, or b\ intracutaneous injection, 
a posJtl^c reaetton is gncn in all cases of deep-seated ringworm anti 
favus infections General rca« tive phenomena mdicateil {>\ supcrsensitivc- 
ncs-, ari<l the presence of antiljothes in the h!o«>il. arc met svitfi in fungus 
infections m pencral, but onK wfren there is .1 considerable msoKcment of 
connctlne fisiucs rg in <lec|vscaccd nngworm, and tn infections such as 
stH>ri>JncJit>si-i bcnusjiorosis, ett (tn/c tnfra) The reactions arc analogniis 
to those vliKh arc found in other ftrannlomatous infections, sucli as tufiert u- 
losis .m<J svpbdis KMcJcme of s»iix'r«isJti\eiM^s or .vUergj ib ofitainetJ bv 
injection >’i cxtraits of the p.irusite Forevample, 111 dec|vsc.iicd rtngsxorm 
siilx uiant otib injtclion of tnthophvtm prtKlucvs a local, a htcxil. and a 
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general reaction, the last being accompanied by pnexia, etc, (cf tote- 
culop). The presence of agglutinins, precipitins, and complemenl-flTOg 
antibodies has been observed in several fungus infections. It is to be noted, 
hovvevej-, that although all these reactions to fungus antigens are specific for 
fungus infections, they are not spedes-spccific, so 'that they cannot be used 
as a means of identifying the fungus which is causing the infection Asm 
other antigen-antibody reactions, this absence of strict specificity indicates a 
certain degree of common antigenic structure in all the.groups of pathogemc 
fungi 

In addition to the above reactions, which occur in microsporon, tricho- 
phyton, and favus infections, there is a special reaction m hich' occurs in 
epidermophyton infections of the feet. In a considerable number of such 
cases, a sudden acute itchy vesicular eruption develops on the hands, especi- 
ally on the palms and on the sides of the fingers It is the same eruption as 
occurs on the hands and feet from other non-fungus antigens and which is 
knowTi as cheiropompholyx. The epidermophyton fungus is never present 
in the hand lesions, but can always be demonstrated in the lesions of the feet 
The eruption on the hands quickly disappears without any local treatment 
vhen the lesions on the feet are treated. This cheiropompholj.v tjpe of 
eruption is allergic in nature and probably a reaction between the fungus 
antigen absorbed from the foot lesion and the sensitised sweat glands of the ; 
hands. All deep-seated lesions of dcrmatomycoses lead to an allergy of me 
skin with positive skin reactions to the fungus antigen A consideraWe 
number of quite superficial fungus skin lesions may also cause an allergy o 
the skin, but although attempts Iiave been made to demonstrate agglutiniiu, 
precipitms. and compJement-fi.\ing antibodies in the serum 
ing from superficial fungus infection of the skin, they have .. 
successful Only in cases with deep-seated lesions are these scrum antic 
regularly found 


OTHER DISEASES DUE TO 


TRUE MOULDS (vliJ« Fig- J’2) 


Coecidlom^cosls {Cocctdtotdal granuloma) JS an infection due to * 
Coceidiotdes unmUis It occurs in two forms . (I) as an acute respi .nbentaneow 
which IS recovered from and <2) as a chronic infection involving the s i , 
tissues, bones, and internal organs The second form may lead o a ^fpoited 

disease is chiefly found in North and South Amcnca. but cases ha a 
m Italy Infection is believed to occur by inhalation of the fungus * naturally w 

soil or through an injury to soil-contammated skin The source of 

sheep, cattle, and dogs and also in rodents, so that these anima s > of C 

the contamination of the soil This ww is supported by t ® found 

tmintfis have been cultivated from the soil m areas where the involvement 

TAe primary respiratory infection produces a mild ° i, j^amfestations occur 
very few symptoms or clinical signs, except slight cough * moltdonne. 

m two to three weeks m the form of Eiy-thema n^osum an reactions 03U« * 

arthntis, etc As soon as these allergic phenomena develop. „ j,pnts "b® ' ,l 

destruction of the fungus and the infection soon dies ou of the inter*’ 

respiratory type of the disease very seldom show progressive m fungus 

organs All such cases give positive skin reactions to an cx of tbe 

oidin) In areas ivhere the disease is endemic, a consiJera ® ^ th.it they h 

tion give positive skin reactions to the coccidioidi. tes , h 
recovered from previous subclinical infections ♦v.mMS'h a skifi injury. 

Non-puhnonary coccidtomycosts most often oc~ rs -oread up the 

on the hand From the primary lesion there is a i ™P ‘ oharynx mto f , /jtal 
Sporotrichosis Infection may also take place thr ng ^.-v^evelop 'Vith la- 

the neck From these lesions a general miliary sj a-aa ^ lesions o 

results, but more usually a chronic progressive co ^sease is loccid'" 

temal organs and the bones and joints This fon i ^ fatal cas • 

a few months, but the patient may survive for ® ‘ ^ ^arly stages of 

oidal meningitis is a frequent post-mortem finding 





the pathogenic fungi 

chronic infection the tntraontancons test ™th a I in 1,000 -dilutton of ,ta.dttd»I 
t m the terminal stages, as in advanced tabemlw 
ev^ ewes complement-fivation and precipitin tests 
s«n and serum antibody reactions-aie 

\Voerpma»epd>i /'d'" v,* . 

in iiq potas'-" . ' ' 

the fungus, 

(20 to SO / 
sporangia ai 
spores are h 
cultures are 

an abundanu thLhteht luyi-euuiii. wmeu at nrst is grey-white, but later becomes bro«m»h 
in colour The mycelium shows septate branching hyphm with rectangular or spherical 
arthrosporM When injected into the testis of the guinea-pig. it produces a seiere 
orchitis w ithm a w eek or ten days Mice can also be infected by jntrapentoreal injection 
of the culture mycelium 

Chromoblasfomycosis or Verrucous Dermatllls is caused by one of three fungi calJeJ 
Nonuodendrum pedrosot, IlartHodendrum compadum, and Phialophora xmucosa The 
clinical lesion begins as a small warty elei-ation of the skin, from which it slowly spreads 
to produce warty papillomatous lesions, which sometimes show areas of ulceration if 
secondarily infected The warty lesions are dark reddish-hlue m colour, thickened and 
infiltrated at their bases and they project above the level of the skin as grejish, warty 
excrescences The condition usually begins on the back of the foot and from its appear* 
ance is often known as ‘ Mossy foot ’ It may, however, start on the legs, hands, aims, 
chest, buttocks, or face It is found chiefly in Morth, Central, and South Amwa. 
Russia, North and South Africa, Japan, Sumatra, and Java. It does not occur in Cr«t 
Britain It very often starts after an abrasion of the skin of an exposed part wjlhsefflt 
kind of wood It does not spread from man to man WTien it begins it is usuallr 
unilateral and it spreads very slowly , years may pass before an entire limb a aflwtpl 
The general health is not interfered with and, unless secondarily infected, the lesion u 
painless The disease is usually confined to the skin and subcutaneous tissues, but bi* 

- been recorded in muscle The causal fungu^ is found by direct examination of put 
crusts from the warty lesions It shows as dark broivn bodies, hence the name Cbroniii’ 
blastomycosis These bodies are single or in bunches, rounded m shape, surroumW b)' 
a thick outer wall and divided into compartmcnt:> septa (No 4). They multiply 
by fission and never show budding. On biopsy these bodies are found in the cenum o 
the skin m small abscesses or m giant cells. There is an inflammatoty granuloma rouo 
them and often considerable cicatricial change in the dermis and subcutaneous Wso 
Through the chronic inflammatory process in the dermis the epithelial layers 
hypertrophied and so the warty surface is produced The brown bodief JO thr 
appear identical whichever of the three fungi already itienticmed is the causal 
it 1 $ only by culture that one can tell which fungus is responsible for the . 

When material from the lesions is placed on Sabouraud's medium groirth . . j. 

at room temperature All three produce slowly growing _c(.„p,c 

in colour, with a surface velvety from aerial spore-beanng hypha> n 
examination of the cultures Phialophora itrtHcosa shows a septate myce 
shaped conidiophores groivmg either terminally of laterally from the mj f , ctbiJis 
conidiophores have a cup-sbaped tip which is surmounted by bundles o Yhf 

(1 5 to 4 11 m length) There is no other form of spore formation in ' ? 

Hormodendra. however, show three types of sporulatiou ; (a) the 
(No 12). characterised by conitljc^hores bearing comdia m 
tion , (b) the Acroihica type in which swollen, club-shaped fomnlinn ai »" 

along their sides (No U) , and (t) the Phialophora type wi h {heiiramf^ 

P verrucosa These three types occur in varying proportion, acco of it''’ 

fungus and the medium used Hormodendruni fomJ>acfi‘in so t)T' 

arrangement of the chains of the conidia. injmmpact masses ■ . , 1^0 warty 

-.1.-- c-,,..- ... ♦w.r r-..— .« T^V«wntorvaniinaJS do nor ocicwj _ 


negative The typical warty skin lesion has been Uen 

Complenunt-fi;;^nK ^1'*^ Ss« due to H. 


injection of the living culture 
in the sera of cases of Chromoblastomycosis 
in the USA also fixed complement with strains 
America . and in cases due to J/. pedrosoi there w^ 
verrucosa, indicating a common antigenic factor •" 


in both fungi. 
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- ' Thecliseaseproducedbythisyeastu 

Cryptococcosis, 

(Although jt is caJIed Enropeia 
• id South Arnerican Blastomycosis, it 

‘ South Amenca .This infection is a 

tiuc uiasiuiuycosia. as tJic paras, |e occxiK anfjr as a budding yeast both in the fassnts 
and on artificial culture. Alyceliom is n&vez pccdaced. The culture ou Sibournd'a 
medium is a semi-transparent. sJimy. yelloM'sh. or brosvnish grm^h 0 / a sticky character 
rJie lesions which it produces are sabacute or chronic and may occur in the skin 
suUutancous tissues, and siscera, especially the laagf. hut the fungus a/so has a marked 
preference for the brain and meninges, which are frequently affected lu/ectios 
ptohably taV.ca place thTough the respiratory tract. Tlie diagnosis is made bv findm? 

the yeast 'r* ’ • - - - 

glands 1 
ovoid or ‘ 

capsule, g , ^ m a uear zoae round it. hence the name Torula hslj- 

lytica /No 31 .llany of these bodies show buds The same bodies occur in the lungs, 
brain, etc., ant} in cultures Irt the tissues there may or ma)- not be a great ceanlu 
reaction. WTien present, jt occurs as a chrome granuloma with giant cells, some of 
which may contain the parasite In the lymphatic glands a celju/ar reaction resemblm® 
Hodgkin's disease may bo found and In subcutaneous lesions ni}’Xom3tous changes are 
sometimes seen. The fungus grows readily on Sabouraud's medium, prodncin^amucDid 
or ahmy grow th. which is white at first, but later becomes crcam<oioured or brcrAiush 
^licrosc«pic.ilIy the ) east can be seen, with or without buds, to ha% e a thick cap^u^• 
which can be casify demonstrated by the nigrosin method. As it grows it mav show 
sfiort germ tubes, but never true mycelium. 

There are a few reports of agglutinating and complement-fixing antibodies »a the 
sera of infected persons, but m many cases they cannot be deinoDStrated boc^ 
focal reactions to cr>i)tococcus antigens have bwn recorded, sbenring that aUetgy b“ 
been produced Skin teats have not been made in a suftcient autobes at cases to 
form an opinion as to their value m diagnosis. The diagnosis can usually ^ easuf 
made by microscopic cxammatioa of the sputum, cerebrospinal fiuid, etc, 
be confirmed by culturiog on Sabouraud's medium and by intrapentoaealiaocuiatw 
0 / rats or mice ^ 

. » 

ols ^ J 

glacial acetic acid and then stained witti lanslitnan's stain, in addition to cocci aad dipj 
thcroid baciUi. etc . numerous large 
usually dumped together into colonii 

'bottle bacillus It is now generally . . ; ^ ’ ‘ . ca 

Many attempts have been made to cultivate this yeast Success b:w r-Dorted 

beer-wort agat and on media containing a high percentage of glyc«ol 
to have grown as an oi-al yeast exactly as on the scalp. Th* cultures _ _ 

moist. smo< ' . f 

The wntcr 5 

cultivation 

always present in dandruff of the scalp. 


Diseases due to Puhgi which show "Vcast-uke Forms im the Tissue 
Yeast-like Forsis and MYCEUUii iS Cultures 

Sporolrlchusis is a chronic infection with a fungus called > f«>-a 


oiid-avs occurs m persons living m the country and hi 

limals Horses suffer from it and it has also been /crcal/sed 

S^rtbbits. Aud vats The mfecimtt the d^sauua- 

f vkin and subcutaneous tissues and lymphahe v essets 0 
°\K affecting the subcutaneous tissues, bones, etc ^ oa 

"" "-hich is the " J JoSnt 6/uisi-r«J 

^od '^bere a primary lesion (chancre) develops as an mo 
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slowly enlarges, soitens, and bursts to iorm an wdoUnt ulcer Soon secondary nodules 
of a sjnular character appear tn the course of tbelymptv vessels, forming a chain of nodules 
at intervals spreading up the limb Tbe condition may last for months or years The 
lymphatic glands ot the area become lavoKed. but only rarely is there blood-spread to 
mteraal organs Many cases have occuired among miners m the Transvaal 

In the dissiwtrsated type there JS usually no dctccUble pnmary lesion As a rule, the 
first thing noticed is the sudden ajjieatancc of multiple hard subcutaneous nodules 
scattered over the body They do not usually ulcerate unless incised The condition 
begins acutely >rjth pyrcjria and the pa t»at may die in a fetr iieeJfS or months Vegeta- 
tive and ulcerative lesions way also occur in the mucous membrane of the nose and 
mouth Bones, joints, muscles, and tmidoashcaths may be affected, but visceral lesions 
are rare Sporotrichosis diflera from other myxotic mtections in that the lung u rarely 
infected, but when, a pulmonary infecuon does occur the sporothrix fungus can be found 
in the sputum 

Microscopic sections of sporotrichosis leswns show a granuloma with giant cells 
Between the cells oval yea.sl-hke bodies with buds may be seen Where they occur in 
clumps they are relatively easy to recognise, but as they are often scattered, they look 



Tio. 17-t huge of faving colony of S^r^thnx scAnUit oo 
agar, fi>* dav* ~-*V >c200 


not unlike fragments ot the nncJei ol po» ccUs The fungus can be grow Q from the skin 
ulcet». but in order to avoid bacterial coataminanis. if possible, an unbroken nodule 
should be punctured and cultures made on Sabouraud's mediura They should not be 
incubated because only a scanty growth of ytast-like forms occurs at 3" C jl ig 17.V), 
vheccas at toom temperature in a few days a white velvety tolooy appears It slowlj 
increases m sue and later becomes wrtnld^l and dark brown m colour Culture is the 
ben metliod ol making a diagnosis but pus oi other matermt may alw be injected intra- 
I^ntoneaJJy into » male -nhvtt: rat, when the Straus reaction with a naarkrd orchitis is 
produced 

.Microstoprcally the culture fct riwm temperatore shows a narroo, branching septate 
rajcebvim m briadth) with lateral oval conidiu and side branches ot short hjpha 
tipped luth a bunch of oval or pear-sliapwl spores (I'lgs ITd, Kp 7 and 17 i) I’aUcnt* 
wiUi sj«3rntnrhoMi frrriucBtlj give a positive skin reaction to sporothns antigm 
(sporotnchioj I’oMtivc agglutinatwn and crnnpJernent-fit.iticin reactwns al'u occur 
With the sera of pvtients with hporotnchous. the antigen pre|wirnl from spore 

Susjx-nMons of *br fungus 

HttnUporOJis is a fungus infccUon due to /feBiiifoea tlfUalJ first descniied by 
tiiiugeriit and taraun in !005 sa Iranc® bince Dien a cnasiderable namb'.r of cases 
have been rciKTled. cspeciall) Ifom Italy The condition has many character* in com- 
mon with •poro{ficho<ts MntilargraaiitematousBodulet which ixcAwonaHy tirraWdowo 
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and ulcerate, occur m the skm and subcutaneous tissues These may be sin4 or ml- 
tiple and are usually confined to the skm. but the bones are octasionally affected The 
fungus IS present in the granulomatous masses as yeast-like bodies, but on microscopic 
examination of sections, as in sporotrichosis, the fungus is not altta}S easy to detect, so 
that cultures should be made on'Sabouraud’s medium The culture, which is \el\et)-,is 
at first M'hJtish, but later becomes brown and w-nnkfed Microscopic examination of tie 
culture shows a septate mycelium and a star-like arrangement of the conidiophorrs 
growing from the mycelium, hence the name H sUliata {So 6). Some of the muelial 
threads also become swollen at their free extremities where * protocomdii ' are /oauij 
These again segment into three or four almost spherical ' deutcroconidia ' H slellrs 
also produces oespores and therefore belongs to the Oomycctes. The sera of patients 
with Hemisporosis give positive agglutination and complement-fixation reactions with 
suspensions of the parasite These, howeser, are not strictly specific, as reactions maj 
also be obtained with other fungi It must be remembered that this fungus may occar 
as a contaminant, since it is fairly common in the dust of rooms, etc 

North American Blastomycosis (Gilchrist's Disease) ts a chronic infection due to 

Blastomyces dertnattlulis, ' ' ' . i. . . ^ j...» 

on'artificial culture grows 





but a few* sporadic cases have been recorded 
from time to time in Canada, Europe, and elrf 
where. Owing to incomplete investigation it u 
doubtful whether all the cases recorded under fin 
name were true examples of the disease Tbe« 
are two types of the infection — the cutsneOM 
and the systemic disseminated t>'pes 

Culaiieoiis blastomycosis is the disease ''l^n 
follows inoculation of the fungus 
skin It nearly always begins on 
parts, especially the face, hands, and f«t 
begins as papular or papuJo-pustular iKa® ■ 
which break down and crust ever, assuiraag 
raised rough warty appearance with pus ooiioj 
from between the papiUooiatous nasses^^j^ 
gradually spreads to form large Ija. 

continue to extend at the edges whilst h « 
io the centre with marked scamng 
dition looks not unlike the 

I and it 
tanecos 
nteroal 

tissues and does not tend to spieau w k- 

occurs through the respirat O t^^rculosis 
the lung a hodv. such $s 


Fig. 17o. Film from agar culture of 
Sporot^ri* icAenfcii grown at 37* C. 
for ten days. Gram’s stain X 1,025. 

in tne lun^ ^ v.v oo x, body, suca 

From the lung the fungus becomes disseminated to other ® ^pus-like lesions 

bones, brnm, sp.nnl cord, sfan, etc Very often 
or abscesses appear, which burst to the surface and ulcerate, la s 
disease is practically always fr*-’ - ' " 

[rac'd* 


capsules 

tissues 

grow 
colon 


'h* l-i'-ei 

colour Microscopic examination of tiie culture conidia 

found m the tissues, together uith » s<T>lsite “ etigmab O'*"” ''°'Sact<l 

the sides of the fjTh* 
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extracts oi Blastomyces dermatiUdts This reaction is quite specific, being present oniy 
m bJastomycosis and ne\er occurring -with other fungu& antigens No complement- 
fixation reaction occurs '\ith sera, exen rxhen aadilutcd, ol patients with only localised 
cutaneous lesions Most cases of blastomycosis, in whicheser iorm it is present, give 
skin reactions to the fungus or its products The reaction is of the same type as is pro- 
duced by tuberculin and never occurs unless the patient has blastomycosis In the later 
stages of the disease it may be absent 

WTjen suspensions of the cultures are injected tutrapentoosally into rabbits, guinea- 
pigs, rats, and mice, typical lesions containing the fungus m budding, yeast-hke forms, 
develop in the In er, spleen, lungs, etc (Fig 177J 

South American BlaitomyoosJs (ParacoccidiOMlal CratjuJoraa) only occurs ta South 
Amenca and is a. chronic infection due to Blastomyces bratthensts It can be divided 
into four types according to the site of iniectton (a) muco-entaneons. (&) lymphadetutic, 
(f) visceral, and (of) mixed 

The niiico-cMfniKons form is found in the bps, gums, tongue, palate, inside of check and 
nose, and m the skin of the face, usually near the mouth It commences as a small 
papule, which quickly breaks doixn and nlcerales As it spreads peripherally it causes 
considerable destruction of tissue The regional lymphatic glands soon become infected 
and from them, through the blood stream, other lymph glands , these such and rupture 
externally, producing more skm lesions The Cymphadcmuc type usually occurs apart 



Fis, I7C. Oouhlc cenwured twdi«« la tis- 
sues from cue of Bnford and Gdchrist's 
cases of North American Blaslomycosw 
x500 


< rhi- rA 

v;'/' •/Jdjjpsj 




Fic 177 Blattemyeet el*r>rratitiiiis Grwvth 
of yeast-liiis organism III kidney of rabbit 
infected from Cmnan ease xi.OOO 


from skin lesions and as the gland enlargement «s usually in the neck, infection presum- 
ably- occurs from the naso-pharynx The lesions tend to burst through the skin and 
produce discharging sinuses The visceral type w caused by infection through the intes- 
tinal canal It occurs as deep ulcers in the lymphoid tissue of the gut. especially in the 
region of the c»cuni and appendix From the bowel a bfood-spread cakes place to the 
liver, spleen, kidney, and Sungs The shows a, combination of the above three 

types 

Material can be obtained easily from the muco-cutancous lesions, lymphatic glands, 
or sputum Vi7ien examined direct m iiq potossai it shows Blastomyces 6ra-iltensis as 
Single and maltipje budding yeast-bkecellsflO to60p) with thick walls The single cells 
are identical with those seen in North Amencan iJJastOmycosis. but cells with multiple 
buds m clusters are characteristic of South American Blastomycosis (No 9) The buds 
are often quite small being only 1 to S p in diameter Cultures should be made on 
'■'abouraud's medium or blood agar When incubated at 37’ C wrinkled mucoid colonies 
result consisting of single and mnftipje-budding jwasMtke bodies, the samh as are found 
in the tissues When kept at room temperature most strains develop aerial mycelium 
and produce a velvety white growth, which turns brown with ace Micro'.copncally thr 
luifure fungus n very similar to that seea in North .Imencan Blastomvcosis except for 
the presence of multiple budding ycast-4ike bodies Microscopic examination of Irsioii- 
from the disease show s granulomatous fomtatioas with giant celts necrosis and abscess 
furmalimi They- are stry similar to those described under .North tmrncan Bfasto 
mvcosis and to t occidiomscosts . hence the disease has sometimes been called Para 
loccidial Orarmloma The sera of patients with ixwilh \merican tllastomyxosis haw 
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frf “if' 1“"SI1S extracts, but Fonseca fcu.J 

that broth colhire filtrates of Blaaomya$ Iraalumtt also gave positive complemeul 
fixation reactions ruth sera of patients snffenng front sporotnchosis, epidemopbrtoas 
and chromoblastomycosis. Intracntaneons injections of cnltare aMieeus produce fasi 
reactions with redness and swelling of the lesions and in some cases a general leachoo 
With pyrexia * 

3IatenaI /rom iesions or culture suspensions when injected intrapcntoneallj' uM 


IS found in North, South, and Central Amenca, South Africa, the Philippines, and 
Great Britain Since the condition has been found as a spontaneous infection in the dog. 
it has been suggested that inlectioo. especially in children, may occur from that soufet 
The disease has some reseiublancts both in the clinical and mitroscopjc findings, tp 
Kala-azar There is pjTexia, loss of weight, anaiima. ieucopenia, and eolargement of the 
liver and spleen. The lymphatic glands are also usually enlarged and in generalised cases 
the lungs ate practically always affected. Bones and joints may be involved andsha, 
ulceration may occur Oral and pharyngeal lesions bas'e also been reporteii. 

The diagnosis is made by e:xanunation of blood iUms, smears from splenic or sternal 
puncture, or from excised lymphatic glands in which the parasite is found The condi- 
tion is ' ■ * • . • ••»». -I-* -.iH ihe fungus IS prac- 
tically s aod seettnos hr 

Gram's ac^eai leococytss, 

as numv.iu«., . . They resemble 

Leishman-Donovan bodies, but are slightly smaller and do not show the chataettwoc 

^ em.Ti,^ in macrophases 

on Sabour- 
f tend to be 

K. ..-4-..»<i^r.f.,,„v.eiiuJU -L.--. . 


addition there are charactens 
which are diagnostic of histoj. 

tions have been made m this condition In the few cases examineQ. ‘ 

bodies and prccipitms were not found. In one ease a positive nbtamed 

ivas obtained with a filtrate of a broth culture of If {apsulatum an a adder iors^^ 
positive skin reactions with an extract of the fungus (histoplasnun) i 
of the disease Injection of the fungus mtraperitoneally into gui ya 
produces visceral graniiloinatous lesions from which it can be recover 

Diseases oue to Fungi which show Yeast-uke 

IN THE Tissues and veasT'Uke Orcahishs (only or c • 

Moniliasis (Thrush) is a subacute or chronic infection a fungus 

mouth and vagina, the skin, nails, re^iratory tract, and S - tissue m 
called d/oMi/m albicans {Candida albicans). This fungus groi . mucoid 
forms with buds and abundant mycebum, but m a/1 races ard 

are never downy, almost entirely in yeast form The oi^e 

Oral thrush, which is the commonest form of the tubeicuf<’^(‘^ 

infants and m elderly persons andinsidcofchccKs Tjir) 

tei^'suS 

■ .-.--.-.-.™ciimi. 5 mI 0 “' 5 P"' 4 S,C°“."' 

jr The 

,H of the vagina at ttiv 

•agmal epithelium cnia'J* 

5 , ^In persons ?I the slua- 

I, ronscouent macerat 
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may be localised to the hands, and iS especially common among fruit packers It affects 
the skm o{ the backs o! the hands and of the fingers, especially m the jntcrdigital Spaces 
It roay also infect the nails, which ate tluckened. of a greenish at hTo^vIllsh colour, and 
often raised off the nail b?d A chrome paronychia with redness and swelling at the base 
of the oail due to an infection with >1/ aibiatits betneen the tiatl and the skin fold may 
also occur Similarly. moniJiosis may occor on tie loot betw een the toes, spreading from 
there to the adjacent an*as As the skin between the toes becomes sodden-looking, it 
may resemble an epiderjnophyton infection An intertngtnous infection with sodden 
ooting patches may also occur under the breasts m women or in the a'ciU*. grams, or 
gluteal folds A whitish, uchv area of Tnacerateif skin may also occur round the anus 
OccationaJly a more or less gcHeralKod mondtasis may affect large areas of the skm , 
and fatal cases of this ba%'e been recorded 

RespiralotymoHiliasis From the mouth moiultasis may spread down the wsophagus, 
especiallj’- In young infants, the fungus growing lo long mvcchal threads right through 
the mucous membrane into the muscular layer below These cases often end fatally 
Afhcn a bronchial infection occurs it produces lu adnfts a chronic form of bronchitis 
with persistent cough and mucoid sputum which contains abundant fungus This form 
of the disease may last for years without senoosly affecting the genera! health PuJ- 
inonary moniliasis is a rarer condition, but tnuchmore •lentius The lesion is of broncho- 
pneumonic ty’pe and in young infants »3 \eTy fatal 

A/tindiasu /3j the bancs and joints has also been recorded and eii</<icardini similar to 
subacute bacterial endocarditis occasionally occurs 
The diagnosis of momliasis is made by demou* 
strating the fungus in matenaJ from the mouth, 
skin, nails, sputum, etc The membranous material 
from the mucous membrane lesions of the mouth 
and \agina should be examined in liij potass®, 
when a felted mass of septate mycelium with 
numerous rounded ot o\ai yeast-hku bodies many 
of which show buds, «’il} be found together with 
epithelial and p«s cells Large thlamydospnrcs 
are also frequently seen Similarly m ceso- 
phageal, pharyngeal, bronchial and pulmonary 
infectioos the fungus is founif to abundance m 
the sputum tt usuaffy occurs chieffy in oval 
yeastdorms with bads, but definite abort hypb* 
are often also present in infections of the re 
spiratory tract the fungus can usuatlv be found _ . . 

in tht )«css It tnn,» b. romcmb«ea. 



always l 

however, that the presence ot a/^nans in the 
sputum or fasces must not be taken as proof of 
monilial infection It occurs in the sputum and fxces where there vs no insible sign 
of moniliasis . and in lung conditions especially a diagnosis of moniliasis, must onlj 
be made after repeated examinations and after the exclusion of all other pcsssible 
conditions, such as tuberculosis 

Cultures should be made from sirabs <>r scrapings of the mucous membrane lesions 
or from the sputum or txces on SabouTaud’s medium and intubated at 37 t Quite a 
grand growth occurs within twenty four bouts The colonics are creamy white, moist, 
glistening, and mucoid With age they become slightly wnnkled and brownish in colour 
Mitroscopiuilly the cultures especially if iiscubatixl show nothing but tnunded jeast 
bodies with buds but large ch!an>>dospwes are sJwr aumeroas fn oldtr cult are., srarne 
mjeeburo may develop When it is important to idmlify the fungus clcfimUlj a 
rabbit should be imicuiated intrascnnoslj with I c*. ol a t ptr cent suspension of the 
fungus IMath occurs in lour to five davs with whitish mihary it^sions in the internal 
organs tispccialU the kidney Thew fewnns show aiiuadant fungus in wast form and 
short hi phi Va«iba albuani » iht o/>t\ memhet id the mrandia genus which is 
pathcigt m> tisr ialK'raturv anim.sls 

y gn-at m.-inv speocs ot roonilia have been describetl and their clussifivation at the 
present lime i» in rather ac'ipfusidcondition Vmoniliatikc U afbieaiir has been found 
in the stool' in sprue and at one time thought to be ifjo cause nf that condition 
S/mikifli in wttrtnf;inaus ssflections ot the skm auef tn p.tiwijcfija the momba found 
has K-en described ss M psnoji. Doth these forms may be different strains ot M. 
a!h,c.ln^ Mtempts have also bc*o made by Castellam and others to classify the 
nioniiics bs their «ucar reactions, but these are so xanabic that thc\ are of litiJe xalue. 
1 he < V t< t tKifarncal pOMjmn of the miuiilias is not settled but the fact that they do 
n.>i !>r.«iu.e awi distinguialies them Irom the rndimiyces The foJJousng table gjies 
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Saccharomyces 
(True Yeast) 

T oruJa or Crj^tococcus 
(False Yeast) 

Endomyces 

Monilia 

No mycelium 

No mycelnim 

Mycelium 

.>fyce!ium 

Ascospores 

No ascospores 

Ascospores 

No ascospores 


Microscopically, sections in cases of monilta infections of mucous membriff. 
skin, internal organs, etc . all show a granulomatous structure and netrosu 0 / 
tissue The fungus is present both in yeast form with buds and as bncclia? 
mycelium 

1 and allergic reactions Agglutinins have been demonstrated m high titmia 

the sera of patients with moniliasis. l>u{ the reaction may be absent even rnseiereic/ft- 



with the different species of momlias are cut 
species-specific In cases of moniJia'is. poM- 
five skin reactions occur to fungus eitricu 
(oidiomycin) on intracutancous jnjfctioo, t« 
a considerable number of apparently ncrnsl 
individuals give positive reactions to t>iJ 
fungus extract. This may be due to the fact 
that, as already mentioned, M. alhieani eaa 
be isolated from the sputum, fice', or 

/ . .1 ^.«PM.,i nBf.ciin< fn eenmv 


7 ... 


hands , , 

Pityriasis Versicolor is a skin eomiKwi w 
which a saprophyte Malassetia 
furfur grows m the horny Ja)er of tie 
of the body and limbs producing ot 
light brown colour and shsht Kahness 1 
condition is widespread all user ^ 

in this country it is not so f 

,0 be. H state art seiaprf «fl 
from one of the brownish areas and examined jn hq potassa*. there » no 
seeing the fungus (Fig 179) It occurs as a septate mycelium (S j 
and between the epithelial cells The mycelium tends to break at ' . ni.icT 

curved segments (7 to 12 long) There are also clumps of round 

of which have spherical buds The clumps ofspores arc often * 

like bunches of grapes The fungus can also be demonstrated "it ‘ 
stain, but for diagnostic purposes examination m liq potassa; is su rUi"! t’ 

Malasseita furfur has never been cultivated satisfactorily < c secure 
have grown this organism in culture, but all found it impossi 
growth The cultures obtained were mucoid in rfcommfnd'^ 

‘ hairiness ’ at the periphery After many attempts on all the 
many others, the writer has completely failed to obtain a gro'^ rf 

Pledra (Trichomycosis Nodularis) is a fungus infection ^ tn !•' *• * 

scalp, beard, and moustache It produces stone-hanl ronfined 

hairs There are two varieties ol the condition — Black 1 1 • j fcr n* in 0 

sivoly to certain tropical regions, and UTiite Piedra. which p/ a irl’cr* 

the tropics and temperate regions In the Ivtter the not • 
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smooth and mucoid and contains septate hyphs, chlamydospores, and asci similar to 
those found pn the hairs 

Piedra iS due to a different fungus, naineJy Ttichosporon betgeht The nodules 
consist of a felted mass of mj'celial threads and Mastospores, but no asci On culture 
the fungus shows a soft, sUmy, crcam-coJoured grow.th, which later becomes wTinkled. 

Piedra should not be confused Viith tbe ccmdition foutuj commonly m Europe on the 
hairs of the axillae and pubic areas and called TrKhomycosts nodosa The nodules in 
this condition are not so hard as in Ihedraand they are due to a streptothnx. iVocardta 
(/fcl»«o»i>^es) feums 

(Black or Tongue is a rare condition whose etiotog5' is stiU doubtful , it has 
been stated to be due to a fungus The centre of the posterior part of the tongue is 
covered with brownish'bJach long papilUIonn projections , Several organisms have 
been found m these cases They include three types of cryptococci, a streptothnx, 
a leptothrix, Jthxtopvs nigricam, and cbromogenic cocci There is not sufficient evidence 
to show whether any of these findings is significant Recent investigations suggest 
that the condition may be due to a vitamin B deficiency ) 



CHAPTER XXXIII 


PATHOGENIC PROTOZOA-MALARIA PLASMODIA: 
BABESIA (PIROPLASMA) ; THEILERIA 

Malaria (French, paludisme) is the most prevalent infection of man, beinj 
specially frequent in tropical and subtropical countries. It was identified 
in antiquity by the regularly recurring febnlc attacks which charactense 
certain forms of the disease, and later the specific effect of quinine in abolish- 
ing the fex’er afforded a therapeutic method of diagnosis. The action of 
malaria in producing a great variety of disease manifestations and in con- 
ducing to racial degeneration has also been recognised. It has now been 
completely established that the malarial fevers are protozoal infections, 
there being different forms of the parasite These belong to the Hanmponim 
(an order of the Sporozoa), which are blood parasites, infecting the red cor- 
puscles of mammals, reptiles, and birds. The parasite of human malaria is 
generally knoum b}' the generic name Plasmoditim, and three well-defined 
species have been recognised : Plasmodium vivax of Benign Tertian Malans, 
Plasmodium maland of Quartan Malaria, and Plasmodium falciparum (of 
Laveranxa malaritv) of JIalignant Tertian Malaria ; Plasmodium ovale is prob- 
ably a fourth species. The malaria parasite was first obsen-pd by Laveran 
in 1880, and his discovery has received confirmation from the^rcsoarches oi 
many workers in various parts of the world Golgi supplied important 
additional information, especially in relation to the sporulation of the organ- 
ism and the varieties in different types of malarial fever MacCallum (18 d 
observed in vitro the fusion of the flagellate form of the parasite 
rounded form and recognised the sexual nature of the process. To . an 
especially belongs the credit of regarding the exflagellation of j,g 

as a preparation for an extra-corporeal phase oi e-xistence By 
had arrived in 1891 at the conclusion that the cycle of 
human body probably took place in a mosquito It Mas speciall) ^ 
discover, if possible, the parasite in this insect, that „ere 

long senes of observations, which after patient and ^ ^ in the 
ultimately crowned with success. He found rounded pigmente 
wall of the stomach of a dapple-wanged mosquito (a ° these 

which had been fed on the blood of a malarial patient. ^ P p reiected the 
bodies was exactly similar to that in the malam parasite, an 
possibility of their representing anything else \ uan a stage m pending 
the organism. He confirmed this discovery and « here the 

results in the case of the Proieosoma {P. pracox) gji stiS^ 

parasite is closely related to that of malaria He was a stomach of 

of the development of this organism from tf -• time it en 
the insect along with the blood from 'ofe' ted birds, 

settled in a special form in the salivary glam is. ,j,p mode of 

in 1897 and ’ -- 

tion, but, as 

combating tl „ ,.se^K* uv ' j*'*-'-'* 

in the case of the different species of the provided if'Pf , 

and Bastianelli , and these with other ItahanObse by 

tant information regarding the transmission o 
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mosquitoes. Koch‘s obscn-atioiis emphasised that human malana depends 
solely on the circulation of the parasite between mosquito and man. Lastly, 
mention should be made of the sinking experiment earned out by Manson 
by means of mosquitoes fed on the blo^ of patients m Italy suffering from 
mild tertian fever. The insects after being thus fed were taken to London, 
and allowed to bite human subjects, Matison's son. Dr P. Thurburn Manson, 
and Mr. George Warren volunteenng for the purpose Neither of them had 
been abroad or previously c.xposcd to malana infection. The result was that 
infection occurred ; the parasites appeared in the blood, and were associated 
with an attack of tertian fever 

\\Tiile the malarial organisms can be examined in the hnng state in a 
fresh Aim of blood between slide and covcrslip, finer details of structure are 
best made out in dried preparations stainerl by one of the Romanoivsky 
methods (Appendix) W'hen treated in this wny the protoplasm of the 
parasite has a blue tint, while the chromatin is of a ruby red colour 

From the zoological point of new the mosquito is regarded as the de- 
finitive host of the parasite, the human subject as the intermediate host (It 
IS only the female mosquito which feeds on blood ) But m dcscnbing the 
hfe-history, it will be convenient to consider first the cycle m the human 
body, and secondly that in the mosquito A general account of the hfe-histor\’ 
will be given to begin %\ith and then tJie features of the diAcrent speaes wli 
be described. 

The Asexual Cycle in the Human Sabject — Schizogony. With regard to 
this cj’clc (Figs. 180-182), it may be stated that tlie parasite is conveyed 
by the bite of the mosquito in the form of a small filamentous cell (measur- 
ing about 10 to 15 /t by 1 /«} — the sporozoite. It was generally held that the 
sporozoite rapidly penetrates a red corpuscle and becomes a small amtsbotd 
organism or trophosoite. It has been established by recent work, however, 
that an initial cxoerythrocytic phase exists during which the parasite 
is multiplying within tissue cells before invading the red blood corpuscles 
(vide infra) There is then a regularly repeated asexual cycle of the jarasitc 
m the blood, the length of which cycle determines the type of the fever 
During this cjxle there is a growth of the trophozoites within the red 
corpuscles up to their complete development : schizogony then occurs The 
onset of the febnle attack corresponds wth the stage of schizogony and the 
setting free of the tnerosoties, i.e. ivith the production of a fresh generation of 
parasites These soon become attached to. and probably penetrate into the 
interior of, the red corpuscles, becoming intra-corpuscular trophozoites , the 
cycle IS thus completed The parasites are most numerous m the blood 
during the development of the pyrexia ; further, they are much more 
abundant in the capillaries of internal organs than in the penpheral blood. In 
the mahgnant subtertian type the process of schizogony is practically confined 
to the internal organs 

In addition to these forms whidi are part of the ordmary asexual cycle, 
there are denved from the trophozoites other forms, called gameiocytes, or 
sexual cells, winch tend to be produced especially when the infection has 
lasted for some time These remain unaltered during successive attacks of 
pyrexia, and undergo no further change until the blood is removed from the 
human body In the simple tertian (P. vivax) and quartan (P inalarta) 
fevers (yid&mfra) the gametocytes are rounded in form, resembling somewhat 
m appearance the fully developed troiAozoitcs before schizogony, whereas 
m the mahgnant type {P . falciparum) thq.’ have a characteristic crescent-hke, 
or sausage-shaped form , hence they are often spoken of as ' crescents ' 

ExoERyTKROCYTic FoRKS, The oteervations of James and Tate 
41 
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originally proved that when fowls arc infected n-ith sporozoites of P. ejllm- 
aceum, in addition to jn\-asion of the red Wood corpuscles, reticulo-endothelu! 
cells in various sites become fwrasitised. Owing to these cells being devoid of 
h.Tmoglobm the parasites wliich develop in them are unpigmented. This has 
been confirmed for other species of bird malaria. Such e.voer)-throcytic forms 
are much less numerous when binis are inoculated with infected blood It 
appears that sporozoites introduced into the blood soon become concentrated 
in rcticulo'cndothclial cells wlicre they undergo multiplication (the primarj 
tissue phase, which occurs during the incubation — prepatent— pen'odj and 
finally invade the blood. From either the blood or the primary tissue phase 
a secondary tissue pliasc may develop later (Davey). The tissue phases of 
the parasite are resistant to anti>malarial dnigs like quinine. In human 
malaria, the resistance to quinine shown by the earliest stage of natural 
infection conveyed by the mosquito was endence in support of the evisfence 
of a prc-crythrocytic phase. Also, when human subjects are heanl)’ in- 
oculated witii sporozoites of I\ vivax or P. falciparum by bites of mosquitoes 
the parasites within a few minqtes appear transiently in the blood (asshow-n 
by its in/ectiWt)’ for susceptible persons) and then the blood ceases to be 
infective till after the lapse of some days (Fairley). Recently, Shortt and his 
associates have demonstrated in the liver of monke)'S a week after inocula- 
tion with sporozoites of P. cynomotgi, the occurrence of the pre-er>’throc)’tic 
stage consisting of large exoerj'throcytic (or pre-ciythrocytic) forms ; and a 
similar observation has boon made in the case of a man heavi’/y inlecttA seven 
days previously with sporozoites of tertian malaria. The pTe-er>'tbrocytK 
forms of P. vivax measured up to 42 /t (Shortt, Gambam, C^ovell and ..huie). 
Late relapses, such as arc a feature of ^ni'gn tertian infection, may hkewi« 
be due to develojuncnt of the blood forms from persisting parasites ot t e 
secondary tissue phase {vide p. 017). . 

The various forms of the parasite seen in the human blood win no\^ 
described in more detail. t tbe 

Merozoites are the youngest and smallest forms resulUng trom 
segmentation of the adult amcebula or schtzont. They aw of vou” o 
shape and of small size, usually not exceeding 2/< in 
however, vanes somewhat in the diiTerent species A nucleus P ^ 
protoplasm can be distinguished (Fig. 180, h) The ma&s 

rounded body, which usually remains unstained, but contains a . , 
of chromatin which stains a deep red with the ^^tnanows ’> 
peripheral protoplasm being coloured fairly free in the 

The merozoites sb‘ " 'became 

plasma, they soon in the 

the trophozoites. nts, fr^ 

early stages of py 

merozoites, and the -aded the 

TnopuozoiTES. -orpusd^' 

red corpuscles (Fig. 180, o, b). They usually {„ fresh blood, 

but sometimes two or more may be present together. . , about the 

the youngest or smallest forms are minute colourles gedve antceboid 
same size as the merozoites, they e.xhibit --ynt and character 

movement, showing marked variations m sbape. ^ . gpecies 

of the amceboid movement \'arics somewhat m m :_ute dark brow 
increase in size, pigment appears in their 

. i-.i. — ^.,.^ 1 ... — ^ more aounu^ii » , _ tne 


. ' • I borJted froni the 

This pi^ent, which has been jdenlifi^ invaded ma)' 


or black specks, and gradually becomes 
This pigment, which has been identified 
hemoglobin of the red corpuscles The red 
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remain unaltered in appearance (P malartce, Fig. 18 1 ), or may become swollen 
and pale (P. vtvax, Fig 180) In stained specimens of the parasite the 
chromatin of the nucleus may be a single concentrated mass or several 
separate granules (coloured a deep red bj' the Rotnanow sky stain). The proto- 
plasm of the parasite, which is coloured of varying depth of tint with methy- 
lene blue, shows great variation in configuration The young parasites not 


■ Qn^-' .a'" 


r ■ 


infrequently present a ‘ ring-form ' due to the formation of a large vacuole, 
the nucleus being displaced to one side (Figs 180, b, 181, 6) These nnp 
forms are met with in all the varieties of the parasite, but they are especially 
common in the case of the malignant parasite, where they are of smaller size 
and of more symmetrical form than in the others 

Within the red corpuscles the parasites gradually increase in size till the 
mature form (sc/iisonl) is reached (Fig. 180, d, e) In this stage the parasite 
loses its amceboid mo%ement more or less completely, has a somewhat 
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rounded form, and contains a considerable amount of pigment. In the malig- 
nant form it only occupies a fraction of the red corpuscle (Fig. 182, i). The 
adult parasites may then undergo scliizogony, but not all of them do so; 
some become degenerate and ultimately break do^vn. 

ScHizoNTS. In the process of schizogony the nuclear outline becomes I 


V-tjO 




-N r ' ‘ ‘ 

0® 

r ; 

t' 

f V , 

.’I 'l ' > 


Fic. 181. Vanous phases oi we showiag 

(Plasmodium maJarta) <*. trophosoite 

marginal mfection^ 6 trophoroi e 5 
Iquarlan band ) ; J, . <« '"/{jqq 

schizonts. Lejshman s stain. , ^vhich 3^® 

lost, and the chromatin ditddes into a nur .her of cortespm*”® 

scattered through the protoplasm ; the Iati.J t^^^ .jg^ent dunng the F 
segmentation and the small merozoites ^ j by a small qua 

cels becomes aggregated in the ^ the'ease of P. 
of residual protoplasm (According to Sch .yjjich is then folio 
schizogony begins by a sort of 'rounded or oval sb^pe^.^ 

simple multiple fission.) The merozoites ^ oorpuseto ^ P^ 

are W free by the rupture of ‘he o»vd^ »'^%„„ocytes the »eroeo 
ment also becomes free and may be taken P ^ ggnient of me m 
being free from pigment. The number and arra {, 
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within the schizont vary in the different species, Aiso, the numbers for each 
species show a considerable \'anation according’ to different workers ; the 
figures given here represent the extreme ranges. In P malartcB there are 6 to 
16, and the segmentation is in a radiate manner giving nse to the char- 
acteristic daisy-head appearance (Ftg I8I.g) , in P. vtvax they number 12 to 



Fic 1B2 V-inous pbasrs of the maligsant malariA 
parasitr lylafHoJtuM JaUtf^rum) 
t, troplic-zoitr* HI likiod. 

b, KlUiom omrar bvo 
t, t«irsi<ntin( Khizonl (hdmt tmoi bicrj 
d, (male czv^oMt) 

t, Diacn>gtnii-t<<c)’t«|l«na>ecn»cenkf 

{,t,b ra form pndngme bj the cRwonti outside the 

boi1> microsaAielocrteslKnnitenBi^nrCjon 
«-r and /-* > f.OOO 
d and r x 1,200 Lcubman » stau 

(Flouts /, g and h aie fma preiaralRin* knt t>y the lite SiC 

25, and have a somewhat rosettc-ltke arrangement (Fig 180, /,g) , m P. falci- 
parum there are usually 8 to 32 merozoites of small size and somewhat 
irregularly arranged (Fig 182, c). 

Gametocvtes These are sexual cells which are formed from certam of 
the trophozoites, and which undergo no further development in the human 
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subject In l/.c miW tertian and quartan fevers Iheyareroundedandresmble 
somewhat the largest trophozoites (Figs. IfiO, 181), The female cells, n,m- 
gamelocytcs, are relativeij- of large size, measuring 12 to 14 /i in diameter; 
they contain grains ol pigment, and the protoplasm stains somewhat deeply 
blue with the Romanowsl-y stains, while the nucleus is small and compact, 
with deeply staining chromatin ; it is commonly situated near the margin of 
the parasite. The male cells, microgamelocyles, are smaller, and Hie proto- 
plasm stains less dcepl}’ : the nucleus, generally in the centre, is large, with 
the chromatin somewhat diffuse, and often forms a broad band or spindle 
stretching across the cell. In first infections with P vtvax gametocytes 
appear in the peripheral blood on the seventh day of fever, and mosquitoes 
which ingest the blood on about the tenth day may become infected (James) 
In P. falciparum the gametocytes have the special crescentic or sausage- 
shaped lorm. They measure 9 to !•/ /t by 2 to 3 ft, and occasionally a fine cun ed 
line is seen joining the extremities on the concave aspect, which represents 
the envelope of the red corpuscle (Fig. 182, d, e). They are colourless and 
transparent , and arc enclosed by a distinct membrane. When fully developed 
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the male crescents (Fig. 18^, d) can be distinguished from the j 
182, e) by their a\ypcnrancc. The male form has the less , 

protoplasm, tends to be the broader, the nuclear chromatin is i 
the pigment js scattered through the cell. The female form has 
deeply stained protoplasm, is narrower, the nucleus Js sma n ^ 
centrally, and the pigment is concentrated round the 
, forms of the crescents arc somewhat fusiform in sha,^ i ^ 
crescents do not appear in the blood till several days a er , 
the fever, and they’ may' be found a considerable tune a er 
ance of the pyrexial attacks , they are most numerous ^ „ influenced 
mfeetjon has lasted for some time. They are also mue. w pj 45 /p(?qmn 
by the administration of quinine or atebrin, but are destroy ^ „ jp (he 

Ross and Thomson enumerated directly (p 656) th« vaa ^ relationship 
blood at different stages of the disease, and found that a j^jjjjiberof the 
exists between the asexual and the sexual forms, a ‘ • r nymberof the 
former being followed eight tb ten day's later by ^ necessary 

latter , they according!}' considered that this is proo > , . ^ ^jiat (he long 
for the development of the sexual forms. They reased is due not to 

persistence of crescents m the blood after the constantly 

the long survival of individual crescents, but to through the 

plenished from ase.xual forms which persist in “ v (he numh^i’ o 
ordinarj' process of schizogony, fever only Crescents ar 

asexual forms reaches some hundreds per cubic 
most readily found in the bone marrow and spleen 
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The Relation’ of Phases of twc Life Cycle to Recurke.vces It is 
'Veil known that after a patient has apparently recovered from malanal fever 
a relapse or recmrence inaj’ take place without fresh infection, sometimes 
many years afterwards Several evpianations have been offered which are 
based on features of the hfe cycle of the parasite Schaudinn claimed that 
the macrogametocyte of tertian fever may by a process of parthenogenesis 
gi%’e rise to merozoitcs. which in their turn infect the red corpuscles and start 
the cycle again. It is possible also, that a recurrence coincides with the 
setting free in the blood stream of exoerythrocytic forms of the secondary 
tissue phase of the parasite The observations of Ross and Thomson, already 
referred to, support the '’lew of Bignami and others, that recurrences depend 
on the survival of ase.\ua] forms in small numbers, which pass through the 
ordinary cycle and onlj produce fever when they again become sufficient!}’ 
numerous Certain unusual appearances of the {Urasites met with m chronu 
infections have been interpreted as special asevual resistant forms which may 
survive in the bjood during the Intent periods of the disease WTiat is now 
known of the mechanism of imroumtv m malanal infections suggests that 
relapses are usually due to a disturbance of the cciudibrium between parasite 
and host, owing to a lowering of the circulating antibodies of the latter, e g 
from some mtercurrent illness or other so far undetermined factors (p 653). 

The Sexual Cycle in the M£)sciufto--Siwtogony. As already esplained, this 
starts from the ganietocj tes After the Wood is shed, or after it is swallowed 
by the mostimto. two important phenomena occur, namelj (a) the full 
development of the sexual cells or gametwytes. and [b] the fertilisation 
of the female cell The early stages in the se\uaJ cycle can also be observed 
to occur tn vtlr,>. 11 the Wood from a case of malignant infection be 
examined m a moist chamber, preferably on a warm stage, under the 
microscope, both male and female gamctocytes may be seen to become oval 
and afterwards rounded in shajve (Fig 182./. g) As Ross showed, evaporation 
also muiates those changes Maturation of the female cell then takes place 
by the extrusion of part of the nuclear chromatin, this process corresponding 
to the formation of polar bodies In the case of the male cell, a vibratile or 
dancing movement of the pigment granules can be seen in the interior, and 
soonseveralflagellum-kkestrurturesshootout from the periphery (Fig 182, A) 
They are of considerable length but of great fineness, and often show a some- 
what bulbous extremity By the RomanowskV method they have been 
found to contain a delicate filament of chromatin They represent the male 
cells proper, and are kno'V'n as microgamelei They become detached Irom 
the sphere and move away m the surrounding fluid Fertilisation (syngamy) 
occurs by the fusion of a microgamete with the mature female cell (niacro- 
gai/tek), the chromatin of the two cells afteniurds forming a single nucleus. 
Similar changes occur in the gametocyles of the other species, but, as has 
been said, the cells are rounded from the first The fertilised female cell is 
now generally' spoken of as a zygote or ookinete 

It has been established that the phenomena just desenbed occur withm 
the stomach of the mosquito, and that tlie fertilised cell or ookinete, which 
becomes elongated and motile, penetrates the stomach wall and settles 
between the muscle fibres , on the second day after the mosquito has ingested 
the infected blood, small lounded cells about 6 to 8 /« in diameter, and con- 
taining clumps of pigment, may be found in tins position (It was, in fact, 
the character of the pigment which led Ross to believe that he had before 
him a stage in thedeielopmentofthemalana p.irasite ) A distinct membrane 
forms around the ookinete, and the structure is now termed an, oocyst On 
subsequent days a great increase m size takes place, the cysts coming to 
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project from the surface of the stomach into the body canty. 'The contents 
of the oocyst divide into ’ f 

divide and form a large m 

ment; these were called by koss geimmairoos , out are iiou- usually iaiown 
as sporozoites. The full de\'elopinent isporogony) within the sporocj-st 
occupies over seven days, the length of time depenchng on the temperature. 
When fully developed the cyst measures about 60 /i in diameter, and appears 
packed with sporozoites. It then bursts, and the latter are set free in fie 
bod}’ cavity. A number settle within the large veneno-salivarj’ gland of the 
insect; and are thus in a position to be injected along with its secretion into 
the human subject. In this way the cycle in the human subject is started, 
as abo^’e described. According to Jam«, the sporozoites, to produce a 
successful intection, must be lying free in the common salivary duct of the 
mosquito at the time of biting. Daniels found that, in the case of P,fda- 
Parum, an interval of twelve days at least intervened between the time 0} 
feeding the mosquito and the appearance of the sporozoites in the gland 


atmosphere are both essential There is no evidence that iw masdiiu 
parasites in the mosquitoes pass to the ne.'ct generation in the eggs. An 
infected mosquito may rid itself of sporozoites by repeated biting , apart 
from this, when once infected it remains infective for long periods, e.g. tfuw 
months m the case of the benign tertian parasite ; also the infection im) 
persist over the winter when the insect hibernates (James). Howei'er, ^ 
sporozoites in the mosquito may finally become degenerate and so cease to w 
rniective for man. . , v 

It will thus be seen that in the human subject the parasite pwses two 0 
an indefinite number of regularly recurring asexual cyxles, with . . 
of collateral sexual cells, and that in the mosquito there is one c}ce w 
may be said to start with the fertilisation of the female gamete. 

Species of the Iffalaria Parasites, taveran’s original mcw was , 
is only one species of malaria parasite, which is pol>’moTphous, an p 
slight differences m structural character in the 
now generally accepted that there are at least three disfinc 
infect the human subject Practically all are agreed as to a 'J , 
groups, one 0/ which embraces the parasites of the r^der distinct 

spring • fevers of Italian writers-there being in this 
species, for the quartan and tertian t)7>es respective y , '' nulig- 

includes the parasite of the severer forms-—' i r,f sub-tertiai’ 

nant or pernicious fevers of the tropics, or irre^Iarly lattfi 

fevers. Formerly Italian \vriters distinguished several a furtficf 

parasite, though the morphological difference desenb^ were ^ 
obsei^’ations, however, threw doubt on this varied as to 

tended to show’ that there is a single species. n%entv*foo^ 

cycle of this parasite : according to some '5 j^otc endeace 

according to others forty-eight hours, though • sub-tertwa 

support of the latter view, and the term ‘ malignant t jn-eculaf t)?^ 

IS frequently used. The fever is often of \ 

multiple infection is probably common . piasntoditu^ 
well-defined species of the malaria pan^ite O' ‘ jna!.iri.i. and J^' 
benign tertian malana, Plasmodtwn inalarta oi ^ sob-tert^ 

modtuMi falciparum (,Laverama a fourth 

malaria. In addition Plasmodium at’afeprobablv 
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while man can be infected experunentally \%ith Plasmodium knowlest. which 
occurs naturally in monkeys. 

P. vivas — Parasite of Benign Tertian Pever. The cycle of develop- 
ment is completed in iorty-eight hours The trophozoites have a less refrac- 
tile margin than in the quartan tjTie, and are thus less easily distinguished 
in the fresh blood ; the amoeboid movements are. however, much more active, 
while longer and more slender foocesses are given off. The infected cor- 
puscles become enlarged and pale, and when stained by a Romanowsky 
method tend to show numerous round dots coloured mauve to rose — 
‘ Schuffner's dots ’ The pigment wQthm the parasite is fine and of yelloivish- 
brown tint. The mature schizont is rather larger than m the quartan, has a 
rosette appearance, and gives rise to from twelve to twenty-five merozoitcs. 
though sometimes even more occur , these have a somewhat oval shape 
(Fig. 150, g, h) All the stages of development occur m the peripheral blood 

WTien the blood is examined parasites of the benign tertian variety may 
be found simultaneously in several stages of development, and in such cases 
the fever is of a quotidian type It was believed that this pointed to a double 
infection, but the observations of James indicate another possible explana- 
tion. Patients were investigated whose primary attack of malana was caused 
by a single bite of one mosquito infected with a pure strain of P vivax under 
experimental conditions. It was found that the ‘ initial ' stage of infection, 
lasting two to five days, was characterised by gradually increasing irregular 
fever ivithout rigors This was followed in 80 per cent of cases by the 
' developed ' stage with quotidian fever and rigors, which often lasted more 
than ten days. Tlic ' terramal ’ stage then set m, the quotidian fever chang- 
ing to that of tertian tjqie and the seventy of the paroxysms gra<iuail 5 ' 
diminishing. Examination of the penpheral blood throughout these stages 
showed that soon after the first apiKarancc of the parasites different phases 
of groivth are found together — an occurrence which is explained by sporo- 
xoites received from the mosquito not being all equal in their rate of develop- 
ment. Then in the des’clopcd stage two groups become dominant and deter- 
mine the quotidian fes-er Fmailj', the tertian type of attack is due to 
impending recoverj’. one of the two groups of parasites having disappeared 
before the other 

P. malariEe — the Parasite of Quartan Fever. Tfic cycle of development m 
man is seventy-two hours, and produces pjTcxia every third day , double or 
triple infection may. however, occur In fresh sjwcimens of blood the outline 
IS more distinct than that of the tertian parasite, nnd amccboid movement is 
less marked. Only the smaller forms show movement, and this is not of 
active character The infected tc«l corpuscles do not become altered in size 
or general appearance, but by jwolonged staining a stippling ('Ziemann's 
stippling ’) may lx? dcnion5traicd--dots and points coloured like behuflner s 
dots, but smaller and less djstinct The piipncnt wathm the parasite is m the 
form of coarse grainilcs. of dark brown or almost black colour .Medium-sized 
parasites maj appear as band-sliaped fonns m the corpuscles (Tig. 181, c). 
ITie fully developed schizont lias a ' daisy-head ’ appearance, divulmg b) 
regular radial segmentation into from six to sixteen merozoitcs, which, on 
l>ecommg free, .ire rounded in form (Fig ISI, g, h) As in the case of P 
ii'iijx.ali the stages of do elopment can be readily ob-cned in the penpheral 
lilood TliC g.imetoc\tei have a rounded form as descn!>cd above 

F. lalciparom or Laverania jDfllarias— the Parasite ol Malignant or Sub* 
Tertian Fever. The c\«.le tii the human subject probably ocaipies forty-eight 
iiours, tfiough this cannot Ik? definitely slated to t?c afwavs the c.isc {tide 
supra) In the penpheral blood U»c trophozoites m the red corpuscles are of 



CGO PATHOGENIC PROTOZOA 

small size, and their amoeboid movements are very active • they often 
liowcvcr, pass into tlic quiescent ring form (Fig. 182. aj. The 3 -oung form sare 
often found at the edge of the red cells and are elongated ovals or streaks 
the rings frequently project from the margin of the corpuscle. The pigment 
granules, even in tlie larger forms, arc few in number and very fine. The 
infected red corpuscles may be unaltered or tend to shrivel and assume a 
deeper or coppery tint, sometimes they arc swollen and decolonsed The\ 
may contain ‘ Maurer's spots which are scantier, larger, and more irregular 
than Schuffner s dots ; they stain mauv'C to violet The proportion of in- 
fected red corpuscles is much larger in tlie internal organs. Schizogony takes 
place almost e.Nchisivclj* in the internal organs — spleen, etc. Usually no 
schizonts can be found in the blood taken in the usual way, but they maj be 
obserwd in the verj' severe or |)crnicious tj-pe of the disease. The full} 
developed schizont usually occupies less than half the red corpuscle, and pro- 
duces from eight to thirty*two merozoites, somewhat irregularly arranged and 
of minute size (Fig. 182, c) The gainctocytes, which occur in the penpheral 
blood, have the crescentic form, as already desenbed 

Cases of infection with the malignant parasite tend to assume a pernicious 
character, and then the number of organisms m the intenor of the bod} ma^ 
be enormous In certain fatal cases wth coma the cerebral capillaries appear 
to be almost filled with them, many parasites being in process of schizogony; 
and in .so-called algid cases, characterised by great collapse, a similar condi- 
tion has been found m the capillaries of the omentum and intestines The 
blockage of capillaries, to which the senotis effects are in great part attributed, 

IS due to the infected red colls in this variety of malaria becoming agglutin- 
ated There arc variqus other features of the pernicious t}'pe, (g ictems, 
ante- and noo-natal mortality. The process of blood destruction, 
all malarial fevers, reaches its ma.\imum in the malignant class, and 
or black pigment elaborated by the parasites— in part after being 
by leucocytes, chieHy the macrophages— becomes deposited in ' 

spleen, liver, brain, etc , especially in the endothelium of vessels ^ . 
vascular Ij’mphatics In the severer forms also brownish-ye low pigm 
apparenth' derived from liberated ha-moglobin. and 0 / 

parts, especially in the liver cells , most of tins latter gii’es e re 
hftmosiderin. - '—■ > 

Plasmodium ovale has been reported 
(Stephens) The fever is of the tertian 

found winch show some similarity to P ‘ tu n pJIs are slisWO 

the pigment is lighter in colour and less coarse The re c 


the pigment is lighter m colour and less coarse j;„m.?i 7 edtroph 0 ' 

enlarged and often exhibit fraj’cd or fimbriated edges -i e 

zoites assume an oval shape and the red cells also are °'^ Tjp{),eSchuff- 

featurc of the blood corpuscles IS their granular stippling i' distinct, 

ner’s dots of benign tertian malaria, but the j2 merozoitc'- 

coarser, and stain more intensely The ^tthizont >ie s 
The sexual cycle of this parasite has been studied in . ^ , jj very 

The infection produced experimentally in genera pa > 
and becomes cured spontaneously. ^5 a mild infection 

Plasmodium knowlcsi. This parasite occurs nat ^ to 
of the Malaj'an monkey. Macacus trtis, but when pathogenicity 0 ” 

rhesus produces a severe and rapidly fatal bv Knowles af 

expenmental inoculation m man has been in general cha 

Da^s Gupta. The parasite resembles the ^ a commo 

acters Typical ring forms with one or two ch p, 

feature of blood films Band forms of the parasite 1 
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.irc frequently obser\-cd The p»gment granules of the parasuc tcml to be 
large and dark -coloured (Fig 185). The red cells are not usually c niarged. but 
a fully developed parasite may occups' practJcaJly the wliok erytlirocvtc. 
SchiionJs divade jrrcjgularly into about iOto ISmero^oites Tbegametoev tft> 
arc rounded in shape like those of /* vttax and P malan^c The niorphoiog\ 
tends to vary' in different genera of monkeys \'an Kcwvcn and Pile ha%f 
recorded succcssiul thcrajicutjc results with it m general paralysis The 
infection can easily* be maintained in M rhtsm monkeys m the laboratory 
and the human infection can be induced by intravenous or lntra^lH^cll!ar 
injection of dcfibrinatcd blootl from these animals Moreover, such blood 
uhen kept at 0’ C retains its infcctivitj for the human subject for eight il.itb 
and for sixteen days m the case of the monkeys In man the incubation 
penoti IS usually eight days Tlic resulting feser is of quotidian tvpc Tlie 
infection can be immediatcls terminated when necessary b\ a single 
intramuscular injection of quinine (10 grams), though atebnn mav be 
incfiectiic, but earlyrecovery len<L to oc» nr 
spontaneously. ' 

Cultivation ol Malaria Plasmodia. Ikiss i * 

and Johns obtained groNN tbs of the j>.ir.isites '*'* ** ^ 

of tertian and malignant fe\cr> outside the ^ 

IkkIv To dcfibnnatcd blood from nularul ^ ^ - . 

patients 1 per cent of a 50 j>er <.cm solutioii * . ^ 

of iJeMrose in uator uas .ii]de<I Growth »>f \ ' . ./‘l 

llie ixirasjtes took place vMthin ibc rctl < or- ' 
piiscks, but onb un<lcr .marobn <ofiditi<»n> { 

*0 that a l.i\cr of ••onim .it lca>t half an im h T'*' ^ V* 

in tfcptli olioNc the scdimenteil roqnisdcs f ' 

Was iicicsvary L'tidcr suth <ircum't.inics. 

fhc parasites uiidcn'cnt enUrgement .md l*■^ kn^aim 

..llcn.Mil. p.i..c<l tlirouBl. .he a..«o ..( 

schuommv The ineroroitr'* after besoming k«. uariPunihrM u.prai'N 1 uUr 
free .ire deslroicil In Jeiinnvtr? but if 

iiie.KUre*. are taken to present tfic prescnt-c thp i.mrvr i.piNM.iAn« 

of thc'e other geiier.ations of grouth m.»\ r«" 

Ivc obt.untvl in Mtinlirlv jircfsiretl tuln-s <if 

h!(K*»5 wjUj Mifli* lent seniin { \« c or*hng t“ J <f .md f* Thom-.im. renun.il 
of tin k'u<<K\tt'^ i> unnwc^^.lr^ ) Ihe pinx^ites flourish oiih m the 
siq-erli- i.il l.tsorv of the M'diimmud lorjiuMlo and the «n>vt ■.uit.ihje 
luujHT.iiiire ts .i< toll I TJiomson and M,n J^lhui found th.it m mlturc-. 
tin mdigiunt parnito vh»>w .» t<si<kiu\ u* «hatnp Ixfore and during thr 
•>} vjwiriiJ nu the ojhcf luild the Itemgn terti in furavili-N do not 

dump t ubur<r> tend to djc out .ifter a lew |iiN^»ge> 

KoffUU icrifriAH \iiTin*^a •rt'ur^ hA»r ilr'iftr-l m«.fr j.oti*rl» ij.*- ,.«> liii..t-» 

ir-5«in-‘l l.n III'' ill -n *» »->/f «.f I' *•» ..'/n II • ruiluir r.^tuim < fi'i.oi'-.I 

t.l a «i iiOijr •’{ .'••ictri. «. rtpjv.e.lmi woX that in rjo'iln-> » j li.r.a a! -ni, •iiU» 

‘-f t’.<- .(4«. i-t attanmt a.il tf'tmr.r ru aN- 


I Im I^S /'JaoiiAJiaat ktnalni 
■Rpatn •x.iljMa I lit A ititll 
•>< Moot ri'uei I <'Aw "I c nrril pir !• 
K »i* uiirtpf mihru 1 ullr 

cro»i) ot.jtti.'ifHt'-v in nrpuwl.^ 
• ftjrJt *r^ ol ft.prniU six' ir 
tha (.mrvF ctauiiI^ l.,r|Nl.iil4n « 
«ain •)}.*■.• llfiim » I {-■>»" 
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exoerythrocytic forms of P. gaUinauum ia cultures tn vitro of chicken iissue containiDe 
macrophages and reficulo-endotheliaf cells. P. rehclum has been cultivated similarly 
Pathology. While much work has been done on the malaria parasite, 
relatively less attention has been directed to the processes by which it pro- 


associated with particular stages in "the life cycle. Thus the p^Texia occurs 
^vhe^ the stage of schizogony is actively in progress, but nothing definite is 
known as to its real nature or mode of production — whether it is due to a 
to.xin or is allergic in character. It should be noted in this connection that 
an individual whose blood is swarming with the parasites may be free irm 
attacks of fever. Wc can better explain the anaimia which is so pronounced 
in cases where the disease is of long standing, and which is due to the actual 
destruction of red blood corpuscles. The parasite in its sojourn in these cells 
absorbs their pigment and thus destroys their function ; this is further indi- 
cated by the activity displayed by the red marrow in its attempts to make 
good the loss sustained by the blood. One of the 
most interesting events in malana, and one that 
_ links it u-ith bacterial infections, h the rejctbn ol 
the leucocytes. It has been sho^vn that dumig 
I^Bb * ^ apjTC.xial stages the total number of leucocytes 

,* ' varies greatly, but that there is always an increase 

,rr.l of the mononuclear cells, these frequently number- 
* 1 {ng 20 per cent, or more of the whole, and soffe* 

i times even outnumbering the polymorphs, i 

to m “itoomdoar presence of pigment in Stci 

Jeucocyte from blood in (due to phagocytosis of pigmented - 

? .. pigment liberated after schizogony) is an 

feature, since in cases where the par^itK 
cannot be demonstrated in the blood it y ^ 
accepted as conclusive evidence ^ 

really one of malaria (Fig. 186). Other protozoal disea^ rese 
in this activity of the mononuclear cells. The maCTOphages ui ^ 

liver, and bone marrow play an active part in the feature, 

sites (see Taliaferro et al.). Eniargement of the spleen is a affords 

especially in chronic malaria; its prevalence in nauve ^.jjgrethe 

a rough indication of the incidence of the infection in regi 
disease is endemic. , pf‘ ^jiackwater 

Blackwater Fever. Knowledge regarding the especially 

fever to malaria is unsatisfactory. Black 'ater ^ticulafly 

in Europeans, m tropical countries where malana exis , (see 

after repeated attacks of the malignant typ i contrac e _ hcnvre'oa, 


L.:: 


{quartan) showing 
gested particles ot pig- 
ment Leishman’s stain 
X 1,000, 


after repeated attacks of the malignant typ ; ^ .“^u,„_terised bypy^®"”?’ 
also Thomson’s investigationsin Rhodeaa) It is cti 
jaundice, darkly-coloured urine— the colour being in coma af 

pigment^ — delirium and collapse, and anuna disease, by 

death. By some the condition has been looked on a ^ j/ie fomer 

,Sed. Stephen^^^ 


ingthatmltef™; 

if repeated 

majority of cases there is direct or indirecv. at work 

maJana ; that while in all cases there 4 being (Je 

haemolysis, m Some there is the possibility ^ jed corpuscles > 

essential feature is an e-xtracellular destructio 
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blood plasma (lys^mia). According to Chnstopbers and Bentley this is not 
directly due to parasitic, osmotic, or chemical actions, but to a specific 
hemolysin arising in the body as the result of the repeated blood destruction. 
But the presence of such lysin in the serum has not been established ; the 
existence of an intracellular lytic enzyme has been suggested {Fairley ei al ) 
The occuTtence of lyssmia may be precipitated by an acute attack of malana 
especially when under certain circumstances this is associated with the admin- 
istration of quinine. It still remains to be determined, hou ever, what other 
factors are responsible for the onset of an attack of blackwater fever 
According to the views of Fairley and Bromfield the haemolytic substance 
arises in chronic malignant malana from some cellular metabolic breakdown 
precipitated by qmnme, chill, etc Its action is to lyse the corpuscles, and 
oxidised hiematin liberated from the hamoglobm combines to form metha?- 
malbumin which can be demonstrated in the plasma (Fairley) According 
to Gear, the onset of an attack depends on the sudden discharge into the 
general circulation of a large amount of hiemolysm accumulated m the 
spleen. Slaegraith et al. have found that sera from patients wth backwater 
fever are deficient in the property of inhibiting the lysis of red cells by human 
tissues, which normal sera possess They suggest that this disturbance of 
balance may explain the lyssemia in blackwater oses 

Immunity. The question of immunity to malana is one of great import- 
ance. In such a’malana-stncken region as the Coast of Afnca th'**'- • n 
be little doubt that malana in the negro is a much les« *'■- ' ^ 

in the European Koch from his ’ 

totheinfcctionof the^-*" lho bv 

In the adult communit 

Stephens and Chnstoj - i I™ 

children harboured ma «> «.e.r blood. The md«pread pres- 

ence of parasites in chudren might appear to preclude the j^ss.b.hty that 
the immuntty of the adult is due to sunival of the most rests a^ but the 
infant mortality in these regions may be very high, and such a suryiial mat 
be the real eiplanation. Koch stated also that aUhough an immunity appMK 
to exist in native adults in maianat distncts. this ,s only true o hose tom 
in the locality— natives coming from neightonnng non-malanal districts mto 
the malaria! region being liable to contract the disease. « 
for the maintetonce of iroimmity fiequcntly repeated reintecticn (sui^ntec- 
tionl is requited Bnt ot the c,\istcnce of acquired immunitj there can be no 
doubt, since a peiscn ivho has suffered fcom an 

malarial attack especially when spontaneous recover, from a relapse has 
occureed, .immune to remtection. Such ‘“'V « USh 

Hcccnl experimental work oi Coggcsludl and others J 

hvis shown that the mechanism of immunity to the phsmodia is similar to tli-it 
Seore of most other pathogenic organisms. . e antibodies are concerned 
“ . sTughly van lent lor rhesus monkej-s, the pares.tcs apjHianng ui 

vm' great nui in the blood ate inoculation and death almost im anaW v 
tSSg Treatment mth quinine renders the infection chrome but dm-s 
no SLce srenhsation, as parasites arc tonnil m (iuctnatmg numbers m the 
b°tol for months or years altcrwards. (Hsplcnretoiny ,s performed on such 
mSosTn acme ricuncnce develops) At tl.e chrome st.agc, .1 a large 
number o! pl.ismo.ha ol the siinc strain 

thev ui a few hours and there » no dtsturb.T.ncc of healU , j <■ therr 

.5 immumlT s.qiennicction Also, the serum of the chtomcally m(«lcl 
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animal contains specific protcrtive antibodies ; thus a susceptible monte 
inoculated mth a mixture of such immune serum and parasites fails to 
become infected or acquires a non-fatal infection. (Similar antibodies are 
present in the serum of men chronically infected.) For the demonstration of 
protective antibodies it is essential not to use an e.xcessive inoculum of the 
parasites ; failure to observe this precaution probably explains the inability 
to detect antibodies which has been reported. In the course of a chronic 
infection the level of antibody in the blood varies, a marked fall bein^folloB-ed 
by a relapse, after which the antibody rises again, e\’en although parasites 
persist in the blood. Immunity developed by a chronic infection lasts for 
many tnonths after complete cure, which can be brought about by treatment 
with a sulphonamide drug. The antibody is removed from immune senira r« 
viiro by contact \vith the plasmodia, although the latter undergo no obrious 
morphological changes. The parasites are most susceptible to antiserum 
when mature, just before sporulation. This may be due to the envelope of the 
red blood corpuscles being damaged at this stage, thus rendering the organ- 
isms more accessible to the antibody. Other eridences of antibody action 
can also be elicited in viiro, vis the complement-fixation reaction and 


malaria. On the other hand, the agglutinins, like the protective ajiiiwuiw. 
arc species-specific. 

Immunity docs not follow treatment of the primai>’ acute infectionjeua 
although very large numbers of parasites are destroyed in the body. 
Similarly, the injection of vaccines of dead organisms is ineffective It 
appears that a prolonged action of the antigens is necessary’ for 
tion Recently it has been claimed that the use of ‘adjuvants » 
liquid paraffin or killed tubercle bacilli, along inth the dead plasmo i 
leads to immunity to the latter (Freund ri al.). _ . 

General Considerations. The development of the malaria . 

mosquito and infection of the human subject through the bites of tw i > 
as well as the evidence that none of the lower animals takes the P _ . pj 
as intermediate host, point to several definite methods of P^®'® 
infection, which have to a certain extent already been .Lijoji of 

These depend essentially on destruction of the 
man from their bites Extensive observations go to show 
quitoes which act as hosts of the parasite belong to the genus for . 

these, there are a large number of species, and there are goo fc natural 
accepting about sixty of them as transmitters ol the mseas ^ jn 
conditions. Some of these anopheles occur in Great on > j'j,fection 
regions where malaria formerly prevailed 'pie rt!!n^v thus exist^- 

from cases of malaria returning from the tropics to this c 
and such infection has occurred. Destructi'in of j jn stagriaut 

bv removal of their breeding places. Man’ species lay , removal, 
pools and other collections of standing vater. jn the viciriO’ 

where practicable, by filling in or draittagu of such c effective The 

of centres of population, the covering in o' wells, etc., i ^ on the 

killing of the larva; may be brought aboat by „ (arsenitc) 

water, petroleum, pyrethrum, or a mixture ol Mris g Biost K 

suitable dust (often by means of an aeroplane) . procedures W 

repeated at short interrals — ten ^ Also in „ 

been carried out in various places with marke s ^pntrol of mosqu 
waters fish (Cambttsta, Tyiapta) have been use 
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lan.%-e. Adult mosquitoes may be killed in houses byspra>nng with insecticides, 
or diverted to animals in the vicinity, such as pigs Recently spta>ang with 
emulsions or oily solutions of * D D T ’ has been adopted against both 
the mosquitoes and their larvie For antimalarial measures an intimate 
knowledge of all the local conditions is essential For instance, in Korth 
Holland epidemic foci of benign tertian malaria base been traced to the 
capacity of one race {alroparvus) of A waciUipnttiis—v.h^ch. behaves as a 
species— to breed in brackish water left by the draining of the Zuyder Zee. 
This race of the mosquito also continues to take meals of blood after the egg- 
laying period IS past. * « at a time when its length of life is greater than 
earlier in the season Therefore its chances of conv'c>ang infection are much 
increased (Swellengrebel and de Buck) The species eradication of .-1 
gambm earned out in Braeil by the Rockefeller Foundat.on along with the 
Government shows what can be accomplished by thorough application o( the 
above methods (Soper and Wilson) The other method oi control is the 
protection against mosciuito biles bv netting, it being (orlunatcly the habit 
of the anopheles rarely to become active before sundown The e.vperiracnts 
of Samboii and Low in the Campagna proved that individuals using this 
means of protection mav live m a highly malanal district without becoming 
infected In the tropics the natives in large proportion suffer front malanal 
infection, but often, having acquired immunity in childhood, act as camere 
One would accordingly expect that infection of the mosquitoes in the nci^gh- 
bouihood of nattve settlements would be common pis ps been found to 
be actually the case, and the divelhngs of Europeans should .•« tar ns possible 
be at some distance from the native centres of filiation The 
tion of antimalanal drugs to persons living in highly- malarial 
to fmtat as well ns to treat infection, lias also been recommended Bicre 
amieats to be cciieral agreement that in India the properly controlled ap 
Zutmtion offi, dru^gs (p JOT) must, in the meantime a, least, be the 
chief means of combating the disease ,i,n,. 

Different strains of the same species of inalana parasite mav ^ 
virulence Thus the North- Holland strain ol f> eiMr when transmitlcd by 
mosquitoes causes infections which frequently do not become active untd a 
latent period ol some months lias elapsed, whereas the Madagascar strain 
of laraS under similar conditions, has an incubation period ol under three 
M cis umaHv the mean being two weeks Another feature is that lertam 
cases are ' ™d mleetois ' of mosquitoes i.i contrast to olheis who are bad 
• mlectom ' This property seems to be largely independent of the numl»r of 
eametocvics preset m the blood or the proportion of male to female forms 
KSuaSquitoes of the same species under similar condition, dilter aUo 

'irshmdS bearing on the natural moiles 

of infcctiol. that the disease can Iw communicnlrf l^^'f « 

' anntlifT h\ inicctinc blwa cootainm;: ll«e i>arasitts Vsuniu * in i rc 
of kid i” ,2ct.ve but the result is mote cert.«n m intravenous than in 
Ol mooa Is mieciis c. o tnciibalion (icrKKl, usinillv 

siibculaneous inicilion ■ ^ ,I,p 

o roni seven ,„„,o ,e„.ent from whom the MikkI wav 

taikin 1 m r«cnt for ihc treatment ol Kcncml 

mrau” r.n l‘‘i li.is Issm shown tb,.t m,slanal attacks produml in Hi, s wav 
. I , . ,» The qm>lK»n li.ns not \ct U-<-n ^cttk-rl 


c\cri a i.i! eflv'-i 

wholhcr itii-' tlu'r.ii'cijli' 
priHluccd 


Ihc-tli'vc.istc Theqm>tK 
•fiett I' ihie rntirctv to the fui:h temjxT.Uiirc 
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into the alimentary tract of the tick thw n-— - ^nmetocytes When these are tel.e 
elongated motile bodies, the gameteTrth, 
tmgmsh the sexes) Fusion of two gimt 

peSr‘ thin „a„ 

The cy 
hinetes 
the tis' 
sporoki 

plasm form pass out from tteTalwary gfSs m‘'S; s'r'i' 

bitten by the tick Accon}in«»« «»•» ^ saliva, so infecting a fresh host 

ova to the next generation * 

of piroplasmosis it is immune ‘ 

brSsSed 'S“the‘‘d!2*„ear^e 

animal, and the latter mtv ??«« ° parasite from the blood of the immune 

with which . ‘t x%"„i“cr 

. , The following are some of the chief oironlasms . .. ... 


orobahlv ^ be attached to one another by a fine thread of protoplasm , this 

dmsfnn f ? ^rf Separation of two individuals being dcla>ed after 

fiorcirf hv * Ji* .** **''8®** ‘he piroplasms found in cattle lofection i» 

w./ y Bodphilu^ bovts {Margaropus anni//a/»s), and some of the character- 
‘fl® “>sease epidcmiologically are explained by the fact that this insect giie* 
ugn all its moultings on the same individual host, but other ticks ba>e also been 
onn to spread the infection. Babesia bovts is also a cause of red natenn cattle. tt« 
much smaller than B btgemtna The tick Ixodes nctnus transmits the in/eclioa 
noesiaef 111 give rise to biliary fever in horses in South Africa As%\assho«n byTheikr, 
It IS earned by the tick Rhtptcephalus eierlsi Mules and donkeys can also be inlectol 
1 oung horses are less severely affected than older ones . After chnjcal recovery the blood 
m such salted ' animals can be used for the protective*rnoculation of j-oung horses 
Babesia cams causes a piroplasmosis occurring in dogs. The organism has been culti- 
vated by Thomson and Fantham and others by the method of Bass and Johns (p . 

Tkeilena parva This organism was discovered by Theiler in the blood ol cattle 
suffering from Afncan East Coast fever, a serious disease characterised by If'er ard 
enlargement of the lymphatic glands, but without the occurrence of haMnoglobinuna 
The organism is small, appearing as ovoid or rod-shaped forms which measure 1 1” ^ 
in length and 0 6 to 0 7/i in breadth Bhtpicephalus appendteulalits andeterlst and certain 
other ticks convey the disease It is of interest that in the case of this organism as con- 
trasted with the piroplasms described above, division does not occur m the red c 
puscles but in endothelial cells of the lymphatic glands, spleen, and other organ* 
schuonts appear as masses of protoplasm 3 to 10 m diameter. conUining a J.i 
number of minute chromatin dots The intracellular forms of the 
adapted for development m the tick, since inoculation of blood from an miec 
into other cattle does not produce the disease nthire 

It’ith regard to the pathology of infection by piroplasms and 
known, apart from the fact that certain of them cause des^clion of * 
corpuscles The diseases are often extremely fatal, carrying oil nearly c'cr) 
attacked 
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PATHOGENIC PROTOZOA EXTAMCEBA HISTOLYTICA 

AND COMMENSAL AMCEBiE FLAGELLATES OF THE ALI- 
MENTARY AND GENITO-URINARY TRACTS* BALANTIDIUM 
COLI 

ENTAMCEBA HISTOLYTICA OP TROPICAL DYSENTERY 

In a previous chapter it has been pointed out that the terin ‘ liyscntcrj' ’ 
has been applied to conditions ol different etiology, and the relations ol 
bacteria as causal agents ha\'e been discussed {vide p. S52) We shall con- 
sider here that variety of dysentery which is due to an amceba and hence 
often known as aniahic dysentery or tropical dysenterj*. since it occurs especi- 
ally in tropical or subtropical regions 

Among the early researches on the relation of organisms to dysentery 
probably the most important are those of Losch. who noted the presence and 
described the characters of amoeb;e in the stools of a person suffcang from 
the disease, and considered that they were probably the causal agents 
Further observations on a more extended scale were made by Kartulis with 
confirmatory results, tins observer finding the same organisms also m liver 
abscesses associated with dysenterj* Councilman and Lafleur, working m 
Baltimore, showed that this variety of dysentery can be distinguished from 
other forms, not only by the presence of amoelxe, but also by its pathological 
anatomy The intestinal lesions, to which reference is made below, arc of a 
grave character, and attended with considerable mortality , also, there is a 
great tendency for the infection to be protracted, with the development of 
extensive tissue changes. A further senous feature is the production of 
lesions in solid organs, especially the liver ('amcebic abscess'), by ama:b.-e 
whtrh have been earned in the circulation The subject of the caus.il organ- 
ism was complicated by the fact that a sonievvh.it similar organism ~ 
‘ Afitria fo/j ’ — had been previously found in the intestine in normal condi- 
tions and in other diseases than dyscnlery (by Cunningham and Lewis 
d at . and .'iddition.al research confirmed these results The characters of 
the common cominens-al amceba of the colon and the anuclxi of dysentery 
were worked out by Schaudinn, who recognised them to be distinct sjwcics, 
to which he gave the names of Enlamttba colt and Entinturba htslvIyStca 
rcsjicctivcly Huber afterwards described an entama*ba of dyventerv , which 
in the cncystc<l stage contained four nuclei . Viercck confirmed these observa- 
tions .uid gave the ti.ame ‘ EtiUvnaba Mrogoia ' to the organism Tins org.in- 
. * Further research has resulted 

■ ■ • ' ‘oBtica and E telrit^ena arc tlie 

IS been retained, but its process 
of enevstment corrcsjxinds with that onginalty describcti m the ease ol E 
Mra^ena Moreover, a small ent.im<cba, dc«cnl>«l b\ FImassian under the 
name E tniiiutn \ is also now known to represent merely a stage in the 
hfc-historv of A Ajs/i^ifirii Within recent 5 cars several other sjvecies of 
inti.'siin.il .imab.e have lieen idcntifted These, like the E rott, are non- 
patliogcnii tommensals {tide tn/rj) In the mouth /.'ntimrrlj 
oir.urs .IS a 1 ommcns.vl. 
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Microscopic Characters. As seen in the stools of acute dj-sentm-, 
it is present in the form of rounded, oval, or pear-shaped cells, the rounded 
celJs measuring 15 to 60 /< in diameter, the average being 20 to 25 n (Figs. 187, 
188, 189). When at rest, a dear, highly refractile ectoplasm and a granular 
or sometimes vacuolated endoplasm may sometimes be distinguished, 
though this is not aluaj-s the case. The 
nudeus is rounded, as a rule about 7 ft in 
diameter, and is seen with difficulty; its 
position is usually excentric, and is sometimes 
quite at the margin of the endoplasm. In 
stained specimens it is seen to be poor in 
chromatin, which is arranged as small gran- 
ules under the nuclear membrane ; a sro^ 
chromatic karyosome is present in the 
centre of the nucleus (Fig. 189, A, B, Q. 

In perfectly fresh material very actiie 
amoeboid movements are seen, which are of 
® a /low'ng type. When the activity of the 

Fic 187 EnfuMaba fits}oiy/iea. organism lessens pseudopodia may be sud* 
«Mdfe,a»ab*Mseenin«ooi»,sbotrtBg dculv protruded and later retracted, and 

blunt Mjeboid processes oi eceopu-,a>. , ^ ‘ , i- i,. a,-tA. 

Tie fodcpiisat e/ <f sbotrs i oucieoi, tluve thesG mav consisf aimost entirely oj ecio- 
:i2.ST5lS,SS”<S;jA»?i plasm. Those appearances when 

vacuoles Fmh jr«<«ens x«5o ate characteristic ajid of pat scrvicc 

identification of the organism. Theamcebwo 
movements may not lead to much change in position. The ingestion oi 
red corpuscles, though not alwaj'S present, is a characteristic feature o 
the organism, and thus of special importance in its fecognihon ; a ‘ 
able number of red corpuscles may be contained in an amreba. t,,. 

usually die and undergo disintegration in a comparatively short tune 
being removed from the body' , the stools ^ 

ought therefore to be e.xamined in as fresh 
a state as possible. According to Pobell 
E hisiolyitca does not ingest bacteria , 
therefore the presence of bactcna withm 
the organism indicates an invasion of a 
degenerate amosba, or, occasionally, a 
true parasitism by the bacteria. 

Multiplication of the amoebae occurs by 
division into two equal cells, but accounts 
given of the process vary. Appearances 
of division are rarely seen in the stools, 
and the process occurs mainly, if not ex- 
clusively, in the lesions Dobe/l, front a 
study of cultures chiefly, regards the prc ' 
cess as exclusively one of mitotic divisiou. 

Thus the i'/e-history is completely asexiv 



toTjlin 


L»a Liit u-*p the 

Cys/s. As the symptoms of the div '-c aba • Tli- ep' 

eertain chancres which ultimately resoP m l 

‘"“■TfeSTshi® 

ses m iheercJ' 

the ty** 

The cyst wall is ‘'’“..''■“h double (thepr«ea« 

times only two, nuclei can be seim ij the uncotnmoeT “ 

than four nuclei in cysts of E. 7nstoiyiiCi> > 
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The nucleus then divides into two or into four, as the case may be. The tran- 
sition forms are to be met with in stools which are losing the tj-pically 
dysenteric character. Cysts constitute the resistant and resting stage of the 
parasite. It is important to recognise that they are not present in acute 



cases, . but m convalescents and ‘ The cpls f 

and are never present in the been <iel«te''f'“lVllnl 

found in the taces for a long lime and thc^ia ^ h.' „ | 

after dyscntcnc symptoms have ‘■‘"PP''’”?’ . pje noth “cos- 

they may persist during the rest of depend if rrt 

the development of vegetative forms from cj-s chit ■ 

panying bacterial flora (DobcH d at )• 
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exclusive, means of infecting other persons, the individuals passing them are 
to be regarded as carriers dangerous to the community . such individuals 
are known as ‘ convalescent earners' In connection with the treatment of 
amcebic dysenter}' by emetine, it is to be noted that failure to cure in some 
cases cannot be asenberi to resistance to the drug on the part of cysts which 
maj’ be present 

VuniLirv As has been noted above, outside the body the ve£retati\e 
forms of E. hislolyitca rapidly die and disintegrate. Unlike the latter, the 
cysts have considerable powers of resistance, and in the moist condition, 
when kept cool, may survive for several weeks outside the body Drying, 
however, rapidly kills the cysts Unlike the vcgetatis’c forms, too, the cysts 
resist the acid of the gastric jnice Therefore it is by swallowing matcnal 
containing cysts that the infection is spread naturally 

Cultivation Cultures of amcebic in association mth various bac- 
teria were obtained by several iv’orkcrs, e g Lesage, Musgrave and Clegg, Xoc 
and others, from cases of dysentery and also from various sources outside the 
body, but in no instance could the amoeba grown be established as identical 
with E histolytica In 1&25. however. Boeck and DrbohUv published an 
account of successful cultivation of E /iislolyltca on a medium composed of 
Locke's solution, egg. and serum or albumin (vide tii/ra) , and these results 
have been fully confirmed Groivth was obtained by inoculating the medium 
ivith material from djsentery stools, and subcultures, made by transferring 
some fluid from the deep part of the culture tube by means of a glass pipette 
have been maintained for many 5ears The aracebas m cultures were found 
to be comparatively short-hved. dyihg out after four or five days, and sub- 
cultures were made every two days 
lesions in kittens on injection per re 
tamed m eleven out of si.xteen anim 

these, liver abscesses also developed The inoculation experiments were 
earned on over a penod of five months of subcultunng, and there w as no 
evidence that the amab.v became diminished in virulence Dobell and 
Laidlaw, however, found that on subcultunng loss of virulence might finally 
occur it appears that a distinction should be made between pathogenicity 
and infectiv’ity, Infectivity declines when a strain ceases to produce cysts m 
cultures (see Chang) The formation of cysts in cultures on Boeck and 
Drbohiav’s medium occurred only rarely Dobell and Laidlaw found, iiow- 
ever, that the addition of sfenle solid nce-slarcli to the medium of Boeck and 
Drbohlav gave more lu.xiinous and prolonged grow th of the amceba, and a!»o 
enabled the whole life cycle, including cxcj-station from the cj’sts, to be 
observed in vitro Encystment depends also on the bactcnal flora of cultures 

** ’ and 

olu- 

lent 

■ suit 

. ^ . C 

uritil the mixture has suhdjftcd They are then ttanc/circd tw the aut<>clave and sterilised 
(120 C (ur twentv n’lnntes) The medium m eauh tul>e w covefed to a depth of 1 c c 
above the slant with a mixture composed of eight parts of stcnle Lotke s solution and 
one part of sterile inactivati.d human Wood serum The tubes are then incubated to 
determine sttnhty In place of the human scrum a vdatmn of crjstallised egg aJbumin 
nia> be substituted \ 1 percent solution of the albumin in Locke’s solution is prepared 
and sterilised by passing through a fh.rLefcJd filter It is then added to the tubes 
lontaimng the tgg slants as above desenbed The initial reaction of these media vanes 
irom pff 7 2 ti, “•« and requires no adjustment Vatenal containing thcamteba: is added 
with a '■tenie i-apUUrj pipette to the previously warmed medium and the culture js 



oe4 

incubated at 37* C. 
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The amcebie are asi^y raorf abundant on the second day, to. 


(a mixture of the whites of four cg^ with I lit 
sterilised by passing through a Seitz filter) or 

More inociilalion, by means ol a platinum loon ot 
n f , , , “"“L P" P'-l'-ionsly has been stenl.sed is 

^ m ieS contaming about 2-5 grina . by dry heat (ISO’ C. for one hoar] 

(If) This medium is similar except that the slope consists ol undiluted home senna 

‘ ’ ‘ ’‘'’CforSixtytoseventy 
. a/bamm or dilate fiorte 

. , , , * - 'be fiaished Tnedum is 

again tested for sterility at 37* C. Starch is added just before use. In this mediBni. 
£. hstoly/tca lives for at least a sveek. 

Cultures free from living bacteria have recentlv been obtained by means oi 
penicillin (Jacobs) 


Distribtrtion and Pathological Effects. As alreadj' stated, the organisms 
are usually found in large numbers in the contents of the large intestine in 
amoebic dj'senterj^ Their real habitat, however, is the tissues, where they 
exert a well-marked action. The amoeb* appear to produce a digestive 
softening of the tissues, hence the term ‘ Iiistolytica ’ is an appropriate one 
The Jesjons are chiefly in the large intestine, especially in the eseva and 
rectum, and at the flexures, though they may also be present in the lovver 
part of the ileum. At first there are local swellings on the mucous surface, 
chiefly due to gelatinous oedema with little leucocytic infiltration; swn, 
however, the mucous membrane becomes partially ulcerated, more or 
e.xtensive necrosis of the subjacent tissues occurs, and gangrenous slcmgw 
result, the condition being aggravated by accompanying bactenal iniectiOD 
Thp nir#*rs come to have irregular and overhanging margins, and 


but their most characteristic site is beyond tne uiutidivu at--. . , 

may be seen penetrating deeply into the submucous and even m 
muscular coats (Fig 191). In these positions they may be 
any other organisms, and the tissues around them show cedematou 
and more or less necrotic change, without much accornpanjmg 
reaction beyond a certain amount of swelling and j,g-jitery. 

connective-tissue cells. These lesions arc characteristic ot amce i 
The amoeb® tend to penetrate into small vessels of the intes m v ^ ^ 
and so get carried by the blood stream to produce „ aTOUtid 

the liver Infection of the shn may be caused by E. «« 
the anus or at the site of a ciecostomy. 

Anicebic abscess. As a complication of ,ji., sjn^le and of 

abscess is of comparatively common occurrence, ft is ^ are usually a 
^ ,, — v.a m-fxient. The conieiiw^ ^ 


the only' organisms present ; occasionally seeuw.*-^.; 5 _j.eading'^‘^o“'’ 

organisms occurs. The amcebze are most that examinah^n 

and this probably explains a fact pointed ^vhde theyiu^y ^ 

of the contents first removed may give a negam . ’ on the 
detected in the discharge a day or two later. }ne fjening and 
IS of an analogous nature, namely, a necrosis 
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Itquefaction, attended by httfe or no supjjurativc change. Tlicre is evidence, 
lionercr, that the amceb® may infect the lu'eru'ithoutc.ausing actual absces«; 
formation, merely ,a hepatitis, and that this may be followed by cirrhosis 
Abscesses arc also met with in the lungs, as when a Uver abscess lias ruptured 
into the lung, which not ver^* infraquently happens. There have also been 
recorded aconsidcrable number of cases oUerebrat abscess in w hich the amcebee 
have been found , most of these have been secondary to lung infection 
Corners Cj-sts may be present in the /feces of those who have never 
suffered from dysentery — ‘ contact comers ' , in them infection with the 
f ntaiTKeba has occurred, and though slight lesions are probably present, they 
are not sufficient to give rise to symptoms The occurrence of hver abscess 
has been recorded in such earners. Wenyon and O’Connor examined the 
stools of nearly two thousand healthy British soldiers in Egypt and found 
that' there was infection by E Aisfofy/iraift fuUy Spec cent., whifem [css than 
a sixth of the mfected individuals wws there a history th.at they had suffered 
from dysentery Among EgvTitian natives 
13 *& per cent were found to be enmers 
of E Aisfo/yfica cj'sts Observations Imc 
shown that E. hniolyitca has a much 
wider distnbutton than was formerfy sup- 
posed. Yorkc, .Malms Smith, ct al , for 
c-xample, haic stated that the cjsts arc 
not mfroqucntly to be found in vanotis 
classes of the popul.ition in this countiy', 
the largest percentage of positives being 
among asylum inmates According to the 
tiews uf Drumpt the high proportion of 
European pojvulations showing these cysts 
m the absence of cases of amoibtc dj-sen* 
terj' IS due to their being infected with 
tiic non-patlif>gcmc E <ft 5 ^ar. vvhich 0.101101 
Ixj differentiated morphotosiovlly from the 
smalfcr forms of E hislolytica and which 
also produces quadnnuclcate ej'sts It is 
stated to be incap.'iblo of producing severe 
lesions in kittens At present it is impossible to decide whether it js a 
sep.iratc sj^cjca or merely a permanently attemialcd form of E. histolyUca. 

The evtcnsn c inv esf ig.stions of Dobet! feav'c shown th.it sevoraf species of 
A/acactft monkeys in an .ippircntly hc.iUhy state h.irl>our natiiralJv m their 
intestine amtebx which in al! tJieir microscopic and cultural characters are 
identical with E fitsMylica Kittens were infeclctl either bv feeding with 
cysts contained in the monkeys' f.wcs or by intrarcct.-il m»culiUon with 
cuftnres from the litter . they .iccimml a sab-icutc or chronic form of the 
disc.isc, « hich {x>jn ts lo the 1 iroJcnrc of the mwilce jv’ amfcli.i: Ix-ing rcl-itiveh 

1<!W 

Expcrimtnla! Inoculation. Dysenten develops occ.-vsi' 5 n.-inv m .mimaU 
f g in monkrys. Init u is of compirativclv rar« «Kcijrrtnic«* Hio di'*f*v>e in iv 
sonictinies lx* reproduced m the di»g bv csix-rimentval inixiilatsun wnifi 
ihventrnc in item!, a» mis •ho»ii lirsi bv Li^srh.-md aflen».ird» !>v K.irtiiJi'* 
she htlcr produemg tlie di-e.isc m one instance with the ronlrnis of .1 ttopu.i! 
.itwes'. { .11* ate. linwcver, found lt» t^e m'‘«rc susj rptiblc. csjks uilv \oung 
aiiirnd*. and bwe l>een invmlv WseJ *n invrvtigilinfi Jivvntcrx follows 
icufds tl.r intiisJiictt'Wi into the rrvtum «»{ mu^us from a h’lrnm (jw 
<w(>mdh when the l»/sirJ ts phvsre*! , and a stmdif rrsiift hi» ohi 4 i.ie»} 




I’ATHOGEMC protozoa 
by means r ’ 

quale). If ■ ■ , • 

the jircsen ■ ■ ■ ■ , 

stroyed in tl,c stonucl,. a, «-as shown by Qnhwke ami Rool "S, “set 
cats exiwruncntally j.roduccd by rimlcnt an.n,.b.c or tl,e,r cj-sts is of an ral" 
character and is usually fatal ; in conformity with tin’s, the cystic stare of 
the organism is not mot with in the stools (virfr s»/.ra). ^ 

The most important experiments were those carried out by tValkerand 
Sellards on the human subject. They administered to Filipinos, who acted 
as volunteers, vanous ania*b;c and ciitamfclxe or their cysts, the matenal 
being mixed with magnesium oxide orstarch. and enclosed in gelatm capsules 
Of twenty volunteers fed uath motile K. histalyiica or cysts, seventeen became 
parasitised after one feeding, the ainadw appearing in the fmees after one to 
forty-four daj'S (the average being nine days) ; of the remaining three, one 
was fed repeatedly and became infected after the third occasion. The amteb-e 
or cysts persisted for an indefinite periotl in the stools of those who became 
infected , four of them contracted dy§entcry, the average period of incuba- 
tion being sixty-five days. In the case of the other amocb.'c cultivable at that 
time, they found that though the organisms might be detected in the faces 
after feeding with them, none of tlicni became parasites and no pathogenic 
effects were produced. These results arc of great importance both in demon- 
strating the specific pathogenic projicrlics of the E. hhtohika, and also in 
showing that it may become an intestinal parasite without causingdysenteric 
svmptoms or gross lesions. W'alkcr and Sellards concluded that the E. 
histnlytiai is a strict parasite, and that the source of infection is always 
another individual harbouring the organism In the intestine, and this rieiv 
has received general supjiort. An extensive epidemic of amerbic dysenfeij' 
occurretl in the United States in 1933 which was attributed to the irater 
supply of two hotels m Chicago licing infected from communication ''ifh 
sowers The ongina! source of infection was not discovered, howeier. The 
incubation |x.Tiod in this epidemic was usually about two week?, but m some 
cases dysentery developed within a week and in others not till after three or 
four months . , 

Macacus monkeys wliicfi had l>ecn freed from their natural •nlecti 
emetine w-crc succc-ssfully reinfected by feeding with cysl-contaimng ^ . 
of E. litslolyttca derived from other species .* these cultures had ^ 

tn vitro for up to one and a half years (Dobell) Amcebne appeared m e > 
within four days The infections thus produced were permanen , 
lesions developed Similarly a culture derived from a i {, 05 , 

ania^bic dysentery proved infective for monkeys five years a 
As judged by the effects on kittens inoculated per anitm 
different strains of E. htslolyhca, there is no constant {^fluence 

vabihty, infcctivity, and pathogenicity rf ^ ^ 

which may be exerted by external factors, sucli as the 
IS still obscure t amcebic 

Laboratory Diagnosis. The faxes in a susj^ted cas after 

fivc^'ntf’rv niip'ht tn he evamined microscopically as so ^ ^xu^waction 

lUtthe 

■ douTi 

addition of an}’ reagent, a cover-glass is placed over “jJ" aVarm stage, 

and the preparation is examined in the ordinary w .amceba: become 

preferably by the latter method, as the movements o ^face of formea 

more active. Any specks of blood-stained j ^re brought out by 

stools should be e.xamined. The characters of the 
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emulsifying the specimen in Lup^*'« — ' ' i 

to examining for amceb.-e, the c 

noted. The presence of abunc uncomplicated 

infection with E. hsiolyiica, wh uusence of polymorphs indicates that 
the Condition is not due to the d>^«itery bacilh In the case of cysts, 
immediate exammaiion of the specuncn is not essential, as these persist un- 
changed for several days The recj^mtion of amcebic cysts and flagellates is 
aided by making a fine suspension of the specimen in a drop of 1 per cent 
n-atery solution of eosin on a microscope slide This is best done by ruhH—ff 
into the drop a small amount of the iseces on th** 

care being taken that the ’ t 

other ce**'" ^ 

objecuvi ^ ...,,,1 ory or 

1 uj'st nuclei arc brought out 

by Lugol Concentration of cysts (and also of helminth 

ova) is efiected by the zinc sulphate flotation method 

jltefAoii (based qr the procedure of Faust, as modified by the Parasitology Depart- 
ment of the London School ot Hypene and Tropical Medicine! A portion of farces of 
the sire of aharel nut ;5 nell nibbed donn in 15 c c tap water with a pestle in a mortar . 
the emulsion is theO poured through a previously wettened wtregaure sieve (40 meshes to 
the inch) — this should be preferably of nistfess nietaf and have a metal nro 4 inch deep 
Finally the nm of the sieve is Upped gently, so as to pass through the last drops of 
fluid — the material must not be rubbed through the sieve The fluid is then centrifuged 
for five minutes at 2.000 to 3.000 r p m in a conical tube and all but the loweat inch of 
residue rejtvted The residue is stirred up uith a gtass rod tapererl tu a thick rounded 
end and zinc sulphate solution of sp gr ( 25 added m portions. »v ith gentle mixing with 
the rod, until the tube is almost full (avoid forming bobbles) The tube is then centn 
fuged for not over three minutes . when the centnfuge stops, without removing the tube 
a tooplul IS taken up. just breaking the surface scum, with a platinum loop of 5 mm 
diameter bent at tight angles to the length of the v.«« This ioopful is deposited on 
tivo microscope slides, eosin soiutvon being added to the one and iodine to the other 
Apply to each a cere/shp, avoiding pressure The films shouid be cvamined at once, 
as after fifteen minutes the cysts become deformed 

Tor purposes o! diagnosis three to six examinations by the zinc sulpliate 
method should be made on consecutive days After treatment an interval of 
a ucek should elapse before seven examinations are made at i\vo-da> inter- 
vals (i?/iMfocyj/js /!(»ntms *;houlil not be mistaken for intestinal amceb.v or 
ej’sts, the nucici of both the latter being a distinctive feature ) 

For permanent preparations dned films are not suitable, as in these the 
amceba: become distorted Wet fdiris should be used, and corrosive-alcohol 
(Schaudinn''v solution) is a verj suitable fixing aj;:ent (Appendix) For such 
films Heidcnham's won h.'cm,ilo\yJ»n lias been found to be mie of tlie best 
stains, but ordinarj* lucmalum Rives ijuite pood results Oobidi rccommciids 
for fixed liftns. after naslifnpmdistjJJcd water miniKcsor 

longer in 2 per cent an'i*’"- ‘ , then, after 

thorough washing in se , ..laiumg with a 0 2 jkt 

cent solution o! ha-ma ,.uiw \x\itli this mordant, the stain should 

be f.iirlv (resh—nol npened) for ten minutes or longer lixarninc under the 
micro'iojio and if nuclei are sharp, wash with distilled water ami trandcr to 
tap uatcr for aboiii tbjrt} jnwules. unlii the film appe.irv W»e . dt'hviirnic 
with ahcihoi. clear with xylol, ami mount Tlic methoil gvxwi lor -.cctiorjb. 
jl-o (I or a simil.vr live of pliosphotunpsttc aad as nionUnt, see Dolielt s 
p-ajH-r ) 

In sfi turns of tissue the rntantirlxt may he- stained b\ niclh)id)c blue. 
s.dr.inm lutmaiowlin and ctisin. iron luenvatoxjlin. cli 

Methtxis of niliiv atitm have been desoibcil above I J covrrsljps ,jrc pl.vcrd 



COMMENSAL AM(EB^ 

in the fluid of the cultures the amoeba; adhere to these and beautiful prem- 
Cions may be obtained (Dobell). iprepara 


NON-PATHOGEMO COMMENSAL AMfEBiE OF MAN 

As has been mentioned above, other species of intestinal anueUe are met 
With in man. There are four — Eniamceba colt, Endolimax mna, lodamcck, 
® fragilts. All of them are non-pathogenic commensals In 
distinguishing them, the characters of the nuclei and cysts are of most impor- 
tance. Entamoeba gingivalis occurs in the mouth. 

^ Entamoeba coli. This is an intestinal commensal of common occurrence ; 
it is of about the same size as E. htstolyltca, but on the whole is a little larger. 
When at rest it shows no differentiation into ectoplasm and endoplasm. The 
nucleus is readilj' seen, and shows a highly rcfractile membrane with chroma- 
tin lining it and in the interior ; the karyosome, which is larger than that ol 
E. histolytica, is placed excentrically in the nucleus. The characters of the 
nucleus, as seen in fixed and stained preparations, are shoum in Fig. 189, G. 
The protoplasm has a granular appearance, and in it there are often small 
vacuoles containing bacteria, food particles, etc. ; glycogen also is preseflt. 
Daring amosboid movement, iv'hrch is usually sluggish, some delicate pro- 
cesses of ectoplasm come into view, but the characteristic movements de- 
scribed aboi^e in the case of the E. histolytica are not met with. It 
stated that red corpuscles are not found m the interior, though bacteria, iw 
particles, etc., are often abundant. Dobell has pointed out, however, wt 
the cultivated amoebre may ingest red cells as readily as E. hisfolytUa 
cellular changes in the encysting of the E. coli correspond with those of £• 
histolytica, and the ultimate result is the formation of a fairly large cj^ 
(Fig. 190 W' \vhi<'h rnnfains from two to eight nudes. _ 
fresh stal 


the cyst- 
interior t 

those of the vegetative form of the amoeba. Glycogen is ifKC/jt 

cysts, but elongated or bar-shaped chromatoid 
They are in these ways distinguishable from the cysts of 

III the cese el the S. celi. M'atter and SelJaids were able to 
parasitism by feeding with the cysts of the organism, bu r jAgid , 
effects followed. Their results accordingly confirm the 
that it is a harmless organism It has practically a ^ Eiist 

and in certain countries is very common. Schaudinn . j it^ aad 
Prussia as many as 50 per cent, of the population were m obtained by 
confirmatory results with regard to its common occurrence 
Craig in San Francisco. . 

Endolimax nana (Entamcebanana). Tbisi3asmaUam«Bba£>to°t ® 
on the average 8 to 10^, and somewhat resembling a ^ conta.fl‘“« 

movemetiw. Like the latter, also, it often has m 

ingested bacteria. In fixed and stained preparamons ,ts position ^ 

ats^elatively large karyosome. which vanes m -h «* ^^tlsedbr^ 
nucleus (Fig 189, D, E) The am«b® are not refwUlc , 

organism belonging to genus Spht^nta. the . 

which form regular cluster-Jike masses oj contain t U); ‘*'*5' 

about the same sue as the free forms, and to (Fig 

. .n m.Ii Invin, the immJiar ch.iractcr re , mds £. lee. 

51 . and small , kf.t.m ; W '■»’ “St 

with most frequently m conciiiioiis of intestinal di 
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individuals, and there is no evidence that rt has any pathogenic properties <For the 
cytology and life history', see DohcU ) 

lodamceba bdtseblU. As seen m the fresh fsces, the organisms measure 8 to 12/i in 
diameter and resemble somewhat small specimens trf the E coli. As in the latter, there 
IS little diSerentiation between ectoplasm and endoplasm, and withm the endoplasm 
there are many vacuoles containing ingested bacteria, etc The nucleus is vesicular and 
containsalargecentralkaryosomolFig 189, F) Thecystaareofaboutthesamesueastbe 
free forms. Each cyst contains a single ancleos in which a similar karyosome is situated 
at the periphery, and usuaUyalsoaeomparatndylargejnassofBlycogea (Fig ISd. Q. R} 
This species is of less corcunon occurrence than the two previously described 

Dtentameeba XiagUls (Jepps and Dobell) This organism, w^ch is rare, is distiU' 
guished by usually possessing tw o nuclei of similar structure, though uninucleate forms 
also are met with It is of small sire, measuring 5 to 1 1 in diameter Each nucleus 
(I 5 to in. diameter) is vesicular and contains a central kaiyosome of granular structure 
with a clear zone around it (Fig 189, H. 1) No cysts of this organism have been found 
and Dobell has concluded from its cytology’ and development that it is an aberrant 
flagellate 

Entamosha glnglvalis. The occurrence of amccbse in the mouth has long been recog- 
nised, but special attention has been directed to tbem in view of their occurreuce m 
pyonhffia The amceba;. so far as is known, all belong to the one species — £ gingwaUs 
(also called E bitetaUs) The organism ts a small amreba which tends to abound in 
certain morbid conditions of the mouth It js of smaller size than the £ coh, measuring 
usually about 10 to 20^ m diameter. The nucleus, seen with some difficulty in the living 
amreba, is like that of £ jljsfo/yftca , it ts relatively small, measunng 3 to 4 m Fbe 
amcebx show active aroceboid movements, throwing out rounded pseudopodia. and ecto- 
plasm and endoplasm are clearly distioguishable The endoplasm is granular, and often 
contains numerous rounded bodies or mclusiona, which stam deeply with nuclear dyes, 
and probably represent the remains of nuclei of leucocytes or other cells No cysts of 
this organism have been observed Although the arombie have been./ound m a fair pro- 
portion of healthy individuals, there ts no doubt that they are specially abundant in 
morbid states They are usually present m pyorrhcea, and are commonly met with in 
dental canes, and in the tartar of the teeth It has not been established that the organ- 
ism IS responsible for pyorrhoea or any other morbid change, and the evidence goes to 
show that It IS a fair))' common commensal of the mouth, which becomes more numerous 
m pathological conditions 


FLACELbATES OF THE HUMAN AUMEHTARV AND QENITO-URmARY TRACTS 

Theie motile organisms are adapted for life in a fluid medium, which may explain 
the vegetative forms being found in the intestinal contents in conditions of diarrlitea 
more readily than normally .tccording fo some they may cause inflammation of the 
mucous membrane, but it is not proved that they invade the bowel wall They arc 
evammed by the same methods as the eniatnccb.T They have all been ruitivalrd 
except Ciardia 

GUrdfalnirstlnalis (Lamblla) (1 ig.lflfl, 1) ubiUterally symmetrical and 10 to SUiilong, 
It IS thick and rounded anteriorly and tapered posteriorly The lentral surface is hol- 
lowed anteriorly to form a ' sucking disc which is surrounded by deeply stained fibres 
There are two nuclei, and four pairs of flagella In eortticd fax:e5 only the cysts are 
found (Tig 192, 2-3) The vegetaUxe form lues «n tbc small intestine especially the 
duodentitu 

Trlehomonashominls^rig iy2,4-5)»s<jval TtolSitlong /\cliaractetT.iic»tructurcis 
the undulating membrane which runs lengthwise along the surface The nucleus is 
placed antcnorly, where there ore also 3 to & free flagella arising from a blpphart<pl.-ist, 
wliife another passes back in a wavy fine, attached aJoitg the undulating membrane and 
becoming free at the posterior end of the organism Tlicre is a cleft-liki ' mouth ’ 
situated alongside the nucleus A rod-like stnictute the axostyJc, runs limgitiidinallv 
diiivn the middle of the body and ends as a spike like pixiyectio^ Degenerati forms may 
be recognised by a oppling moscnieirt which occurs aUmg one sidi Thv vssts are not 
known TruJia»i<?nat (7 /cnarf isfotiadiRtheBiouthand Tr<cJtiffrrc/niHtaftira}$f 

m the vagma and also, m Iwtli «rxcs. m Ihounrlhra anil adnexa- Thr,e art brlicxtil by 
vntic to bo distinct species on moridmlogicai and other grounds On the other hand, 
DuImII with T Aominii cultix at«l from human fxces produced a persisting infection in 
the vagina of a Macacut rkesui monkey There is cftnic.x] exidencc that T tagitia/is 
acts as a paihogen in the vagina and onnaiy tract I or the detection of T tagindln 
a wet film should be made and exanuned at once or a thin film of the discharg- 
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liALANTIDIUM COLI 


on 


EntcroRiopai homlnis {Tricercomonas intestlnalSs) |] n; )\)i Td is n^ a). 4 in )0 ft loni; 
«ilh tlircc free llaRella anterior)^, where the nucleus is also placetl and a fnurth which 
p.is«eH back aloni; the briJv to lietomc frif for a short distance There i* no mouth or 
undolatin;; membrane The c>sts are osal C to H /i lone, and w hen mature have four 
small nuclei with a central kar><>'«#>Ric (I is; l9i 7) 

BALANTIDIUM COLI 

Tins protoro<in brlnnss to the class ol the Cihata It ixrcurs tommunl) in the 
intestine of |'ii;s as a commensal and is also found in other animals In man lnf•^ turn 
which IS not vtf) frequent, resiills from suallowms cvsis This tends tn cause ulcers 
Minilar to th'Ao of ama-bic dvsenlerv. the balantidia !mnc found in the depths <if the 



I I , I'O II ifdniijitn > <( 11 nsii >-ts'njn (tir*. ns's} an^l . I.'is) ^ (jvit'j 

ri«l hoin (>.*« tiers 


h.i -r* The irsrtalivef -rin «d lhe,nKafil«ni *| i^ lO-j |.,un't to the when Ihrte 

an dv»-filrfic •vnipiems In the frr^h sijt** »t apj>rars Rtermch (ttsocal mracujtns 

• Ti t’ e acria/e rj> |n 7o tn 1 ut iarcer and •mallrf lirnns i« ( ur There is a 

<!• tr like r»"iilh near the r^t*»r {•••intr'l end The IrHlv i\ s-ptnewt-ai rici-l ■iwini: I" • 
je-llnlr thfi'ush »hi« h pr'tjf-t t jara'M »•»«» ..f anit •rrs ti'ta disirdoi'r,! all .isrr the sar- 
la. e these < siisr il to !»• ai tisels motile There arr two ru- lei one tirin»*|ie lilnej 

• f'la.ronij Jens in the laslls «l wIiHh a Pin re nmteus I es Iliefe are al*" two 

iva^trai ti.e sa* u*'les as wej] as t'ssl sac Uides ar t rrsf tteelcrtpusilesiTiss in 
ri.evss’s J i; I'cT ; « hi h Fr*eas(jre *•» tc> l-O fi arr crcT'tii’i Sr" t* and h»sr a ■! !e 

■ all 1’ r.rtjfh w I »> fi the sirs*, lafr ni it e Mtams* i can le- seen I ujl.frs hasr Iren 






CHAPTER XXXV 


PATHOGENIC PROTOZOA TRYPANOSOMES (T. GAMBl- 

ENSE: T. RHODESIENSE; T^CRVZlt ANIAML TRYPANOSOMES) 


Tub trypanosomes are protozoal organisms belonging to the class Flagel- 
lata (Mastigophora). Members of the genus Trypanosoma live in the blood 
and tissues in various animals and certain of them cause important disease 
conditions. These diseases have general resemblances to one another. The) 
tend to be characterised by w'asting, cachexia, anamia, fever, often of an 
intermittent type, and irregular oedemas, and frequently have a fatal result— 
the condition in domestic animals being called nagana. The infective agent 
in trypanosomiases of mammals has been proved frequently to be conve3-ed 
from a diseased to a healthy animal by the agency of blood-sucking insects 
(especially tsetse flies), the proto^oon in some cases undergoing a cyc/e of 
develonment m the latter. Under expenmentni conditions infection can be 
trar 

In t ^ ' 

T. thodesiense, and T. crust: the first two, the most impoiuu*. wujvS 
of trypanosomiasis, occur in Africa, producing trypanosome-fever and 
sleeping sichness 

Mokphology and Brotoev. If 'a drop of fresh blood conlaim^ 
trypanosomes be examined between a slide and covershp, the 
seen to be fusiform, one end passing into a pointed fla|cl!um. m tb® | » 
condition the trypanosomes are usually actively motile ^ vvp,; 
movement of their protoplasm and a lashing of the flagelJum, bwt ok 
IS little tendency to movements of progression. From the fact t ® , 5^^ 
gression the flagellum is in front, the end at which it ire 

anterior. The size varies, but many, including those P*^”?'***^ i („.is Wood 
about 12 to 35 ft long and about T5 to 3 a broad. Exanunation o 
IS the one most likely to reveal the presence of movement 

present in small numbers, since they are readily ^ mite stmefure 

which they impart to the adjacent red corpuscles. But the i ^ ^ 

of the organisms can be studied best in preparations hxe ^ 
preferably when wet, and stained by Romanowsky d>®s, protopla^® 
Leishman or Giemsa. When stained by the above n.ct . j^pre 

of trypanosomes appears blue, and in certain specie . som 
intensely coloured than others. Somehmes Jt c w slight 

granules (volutin granules), and occasionally there . jasm Moral 
Tudin- are alH'a>'s present m the is urf 

gram (cnseJv'sta^ 

near ^ irucronud®!^' 

purple granule known as the kinetonucieu'-. /li,p eranbie '! ,) 
which may be differentiated into the bleph joplas ' , (he 

the a-xoneme anses—vide infra), and deepl Gained halo. 3’’'^ 

body. TJie micronudeus is often suiroond- J by f ^bed- 

neighbourhood in certain species a vacue’e jjnpottaf ^ 

micronudeus or from its neighbourhood ihere ^uisisof'aryi^o^^, 
m the trymanosome — the undulating menibrane- protoplasiu 

has a sharp, undulating, free margin, and surmounts 
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organi'im hkc a c«>ck‘s comb . it narrows towards the anterior end, where it 
becomes the /laKclIitin A fiJanicxit <4\oneme) which stains of the red tint of 
chromatin, commence'! at the WepharojiUst am! runs alons; tlie free marKm 
of tlic imrhilatmf: membrane . It then forms the core of the fl.ieeUum. The 
hitler bconllnuons with t!ic protoplasm of iheliotlv ol tlie organism Motion 
11 chiedv effected bi the nndnbitimis of the membrane and of Ifie fiagehnni 
Different sjvcies o{ trijuno^omes cvhibil vanattons in shajie. m length, in 
breadth, in tJie j>osition of the inicnmurJcm (and therefore in the length of 
tlie undulating membrane}, in the breadth of the mcmliranc, m the length of 
the free jxirt of the fJagciluin. in the slwpe of the {>te*!eni^r end. which is 
snmelitues blunt, sometimes shaq». and iii the presence or ab'scnre of free 
rhroin.iun granules m the protoplasm 

Mnltiphcation in the bod\ fluuU ordmarili <Kcnrs l)\ lungiiudiiul. 
.amitotjc dnisioTi, the panasite Jin\jng mrrc.i*<"«l m length and brr.adth liehire- 
h.ind J'lrst of .nil. the micronurlen-* diiides. soinclimc> tr.ins\erkel\ surae- 
tjnies hmgituilmalh . then the maironutlcu'. and undulating incmbranc .irid 
1 istlv the protoplasm In some sjiocicsonU the root of the tlagclhim divides, 
so iji.nt in tlie \unnK tr\}>anosome> the flagelUitn is short and sub'e»jnentl\ 
mireasei in length (7* /«( i«») It lias Ix-cn licld lli.ii f lie whole llagclluin laki's 
jKirt tn the general sj'htung of the organism . but aconhng to WVinon. 
.iftiT the blcplMropUsi h.is dividcsl, the onginal .isfineine remains atta* lied 
to one mcjielN and .a new .ivnicnic grows out of the other TIk view his 
lurn .idv.inced that «n itriatn tasos ri-ptiKluction iki iirs !>v the (omiatum of 
' latent Wdies i onsSstmg <d the mu leus fwstsl wiUi tlie blepharf»pl.ist tMoorc 
anil Ilreinl}, or h\ the endogenous fomialum iii the muh'tis of ihroimdl.d 
finds (Muulnn) or 'infietive gtamdi-s ' (Henrv .ind otlut ol>s»*rM.rs). 
will' h when evtnidesl ff<im the prolopkism de\t lop into trtptnosonies hut 
.otording to othtr workers ihos*' apjiearamcs nn% Iv due to «leeimer.itivc 
• h.iugis 

Die niorphologv of rtrt.un sj>isie> of tr\ jv»ni»s«jfnes tends to var\ aiul 
this feattire «s iivrc or fcss markesj a.»or<{mg to tfie host whuh tbev are 
mleiling Jn in in Iwitti / gj»«''»rKvr .md / rA»sfc4ir>nr.are pMituallv miino« 
riiofjilm but when tr.ifi«ferreil to laNiraton .mmi.d' tliei fxs.ifne t«ofi 
niorphu' niul in tl.e urntUnns: bl<»<«l *Uow ddhittues in vhi|*'' .ind sue 
D«re i* .1 hfrrn long and shndir «> Iwuh N«li an<l n«> h-us the tiiy pirr «d 
tl)i tl.igelhim Ning longtr ibm tlie l«»l\ am! the protoplism <lr\‘'!d «>t 
gr.inuh-s \l fhr vifue lirne .» br»«a<fej form •>! ifu* orginj«m >ijJh .j larger 
.ind roinid^-r mul'ii' and .» ldom«i {■'•'iruoi i> found its oti 

d'diting nuii»l»r,in»' is n «rr<>M jiul ll.i tirs jv»r! oj th« i> shorttr 

tl' »n ilie Uktv and ikr proteptistti • <»'M un> er«rtnlts t<'-iidnc l-- •>;!< 

VKW lilts paMnorj'ht'Ki lies s^scal diitiiriiu iti'ni thr h.rnu J l*ii*,g 

t!ir iii.di totm .intl till till* r ihe feniih- t»ui »ot*-rnus5; nr J"r»tis alw. o. . iir 
Ol i ■ oojue iiioji has i-iM t t'* n ojw j\i»l V i«irthn.*l\ »t juri.iti'o if.it 

tl r virnli'Us indi'jte iinifli dut'fent s* u*rs ..f erowih Wh'it.'-r .i'i\ 
pill >,-r' t H.'Iil? < a'l e »' t'* lit •». 5l<*l to tl *■ .« OtT*:»>* f lbr~> .JlUrfrt i 

tl JO S !* at |t» V-I.t 1 i:,kn--'Atl Itl il«»- «»-e .>1 f rr-borr.,- is-. jalT-. 

j. •.Un t Oi. If it t‘ tins 4 ir 11.' t with 1*1 w! i J4 tJ.r r 0 loo i J'l-o is Mts. »u i 

l-.aaf J* IJ 1 {»o{iT1 0 eo I . < tl e jtaiJs.'f . J.-s/ t., i{ f ^ 

J SI I • in !l\ >M }’»!H'S.1 S'. ITS M'i I > I 1 1 > I S ! \ I t 1 1 I > M f s s. - . 

ffi J .• o' .-s . . }> ,s / . c<t 4* I 7 I* Jl r U t '• li I 'I'o ' vrr'f frefe 

t' V It -.MO r o* ‘j- f 

-V 7 e, 7 J ; rJ A-..- ' I.-, 
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containing' tlie parasites. WhUe some species at (rroanosnmM „ ^ 

serious disease, in the case of others a hL-y infeSL mav “ f af 
the anima! suffering any apparent inconvenience ; again aTora nr^dudn* 
disease ,n one species of host, may be present in considwab™ Jmtrsh 

Smes^eTr^r* ‘ “"y l^‘»°smk'ellects. Certain trv™" 

somes, eg. T. brucet. when passed repeatedly through rats or micTbi 
injecting parasite-contafning blood, become highly virulent for the specifo 
host and increase progressively in the blood, thus producing a rapidly fatal 
general infection with a septicarmfc ' coarse. On the other hand in rabbits 
a chrome relapsing in ection is produced by several of the pathogenic trvprn. 
osomes, whKh is similar to the clinical disease in the larger domestic animals 
and man. The capacity to acquire vrtnience for a specific host is a property 
inherent in the trj’panosome , thus T. rhodesteme is more virulent for 
mboratorj’ rats and mice than T. gamhiense, but inferior in this respect to 
T. bmcei u’hen fully accommodated and virulent. 

In chronic infections the number of organisms present in the peripheral 
blood varies, and thus the potentiality of infection by means of an inie/te- 
brate carrier also varies When the organisms are absent from the blood 
they may still be found m the solid organs and in the bone marrow, and in 
such situations may perhaps go through a phase of development. In T. cni:i 
such a stage has beeri dearly demonstrated in tissue cells 

Small animals with a septicaemic form of the infection tend to die suddenly 
ivith con\*ulsions. The blood sugar in such animals is low, and as the para- 
sites have an active sugar metabolism, ft is possible that this accounts for the 
hypoglycicmia and contributes to the fatal result The means by which 
trypanosomes produce their chronic pathogenic effects are unknown. Toxic 
substances are staled to have been obtained from the bodies of the 
parasites 

TiiA.vs.Missio.v The outstanding fact in the biology of the patho- 
genic trypanosomes is that infection from vertebrate to vertebrate usually 
takes place through the agency of biting or blood-sucking insects, or, in the 
case of frogs «fnd fishes, by leeches. The mere mechanical Iransfemice 
such invertebrates is possible, and in certain cases multiplication of the organ- 
isms in the biting apparatus of the inv'ertebrate occurs. Such a mechaTi'Ci 
or semi-mechanical transference, Iioxvever, plays only a subsidiary par w 
spreading the infection in many cases, including the human trypanosonics. 
since a considerable period elapses before an insect which has ^ . 
fected blood becomes infective for new hosts. Here the parasite . y 
goes through a cycle of development within the invertebrate, the ^ 
which are in some instances as yet undelermined- In the a imen 
of the insect, the trypanosomes are seen to undergo modiftcationb 
They may show simple division, by which the resulting 
smaller , the relation of kmetonudeus and meni' 

the former coming to lie anterior to the . r. other cas«. 

brane and flagellum become rudimentary (crithidial /orms). ,n 

orgamums tesimbimg leishmumiv ivsult The 
the invertebrate host before they again become 
vanes in different instances. Thus T gambtense passes ^ j- 

glands of the tsetse fly (the ' anterior station ') ; P 'vand theinfrct/i^^ 
travels to the rectum of the rat flea (the ‘ posterior s mibni 

forms pass out in the ffeces. The analogy a trvpanosomai 

parasite suggests the possibility of a the insect 

cycle, and Koch and Kleine found in to (he results ol 

agglomerations of immature forms which they 
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sexual conjuitatioa. But there « at ptxscut no tloCtnito pniof that Midi 
a staije has ewr l»ecn ob-'Crml The trj’fUtiosQiiies are not (ransniitfct! 
hereditarily by tnfectcil inxects Both scvfc* act ns the vectors. 

Immcnitv Tryvasocidm. Action or ShKi'M. In the cave of .small 
animals m which the infection runs an acnle >q-*tie.vniic conrso, r i.'. 7\ hruca 
in the mouse, ininninity pliciiomciu can lie <lcmon<tia(c<! after euro by a 
chcmothrrnpentic agent On reinociilntion with the homologous stiain in- 
fection docs not develop, or does <n> only after a |m>longed ineulvitiou pciiod 
Ag.ain, when an ammal is inoculated with a sjwcies of trypanosome to winch 
itis moderately susceptible, e i.' T. hmeet in the rabbit, it usuallv liapjK,ms that 
after trvpanosoinos h.xvc appcarcti m the blood and become mmiorous thot 
diminish more or less critically , thereafter the nninlier of par.tMtcs fluctuates 
and the infection pursues vtsulxicute of chreuieautrsc Tlie mo>t mh. intake- 
oils outcome for tlie host under such circnitistanccs is that, short of ultimate 
stcnhsation, ctimlibnnm wntli the parasites is cstab}i>hfd. .so tliat no {latho- 
gcjnc effects occur , this is referred to as latent infection or prcniumtion 
There is at this pliase a relative jmniiimty (o reiuoculatioii witli the same 
strain Cure by a drug in tins ca.se is often followed bv prolonged resisfauce 
to rcmocvilation with the homologous strain I he scrum of rccoi-envl 
animals contains antibodies which m.iy pro<Uicc various effects on the try- 
pannsomes In t Wro there arc obsen-ed, aggliitinatioii. Iv sis, or tryp.uiocid il 
action . also, under the influence of the sjx'iifir anfjliodu’s, when mi\«'d 
with citratccl blood of au immune animal, the homologous trypanosomes m ti 
drop of blood of an mfcctci! animal quickly Iiecome eovercil wit/i liliuxl 
platelets (the adhesion phenomenon of lbccki'nl«Tg)--<»thrr sm.iJl |j.irlifh's 
such as certain bacteria or human red cells adhere smiil.irl> wlien innihateil 
along with tlie trypanosomes and the homologous ant»<erum m (he preseiiei' 
of lomplcmcnt (see Brown ami Broom) In vtvo the .uitiserum confers on a 
susceptible individual resista/KC to infection or h.is a thcT.ipeuln. elfeit m 
established infections 

When a relapse occurs, either after administration of it non rur.dive dose 
of a chemotherapeutic agent, svlnch has caused the trypanosomes lo dis 
.ippcar temporarily, or wlicn liie same result occurs spontaneously, the [lara 
sites whicJi reappear in the bloorl arc serologically dilfcrcnt from 1llo^c• 
[irevioiisly present Inoctilatton of such a ‘ rc'Ja}>sc strain ' into .m iinmial 
cured of tlie original infection leads promptly to apjjcar.mi o of trvj».mnsouK’s 
m the blood, as in a normal .susceptible .uiimal ffius the rcla[>sp strain it 
immiinologically distinct from theongmal. being resisf.iut to the antibodh-s 
developed in response to the original mfc*« turn A point of grc.it mi|)orfanf c, 
also, as bearing on die occurrenre of rcJaj»srs. is that brief lont.ift in vitro 
of the antisernni with the parasites renders the larter s»Tum resistaul 
(Ehrlich. Kochi, and Gulbranscn) On a«<fmiit <if this teiidem \ of trypano- 
somes to undergo changes in their antigcnn »oiistitueiils ami so lo .i/icr m 
their behaviour to antisera, serohign a! methods lan/iot be rebetj tifxjit for 
distinguishing different species of lliirtc organisms 

In cf*nnc'ction with natural immunity to try pannsoim s ii k of mb resf lliat 
normal human serum has a marked trsiunoi trial at t ion on s.irmns trvpario 
somts pathogenic tuammals, eg / l^itca. / coiigrr/rrMC. ,ind / friuipcrjuin. 
hut it Is without action on T ga»i//te«w / rA«frf\n-«-ir v.|„ji first trans- 
mitted from man to exfXTimcnial atiirnaJs may it* msiis«eptjld< tn hiiin.in 
SI rum, but Mxm becomes susttplible '*'* mechanism of r)jjs lrtpino<;daJ 
action of human serum appears to; ^ that nl b.Mr-rind.il action 

Ihffercnces in susceptibihly tohv gwtyrr, do not wholly arcr/unf 

ff/r ihr didfrenres in infectnit) p' “’.tr rtnrl'-r*<l a strain of 7 
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briicei rcsutant fo human serum, but on inoculation it proved to be non- 
mfcctivc for Iiuman volunteers Further, although baboons are resistant 
to r s^mheme inoculated into the blood stream, their serum is onlv 
weakly trypanocidal. It is of interest in connection with their natiiri 
immunity that Regendanz succeeded in producing a fatal infection of 
tlie central nervous system in baboons by intraspinal inoculation mth 
j. gambieijsc. 

Identification' or Trvimnosomc Species. The differentiation of 
s])ecies of trvpanosomes may present great di/ricuJties. Both morphoh^cal 
and hiological characters must be taken into account As has been seen, 7. 
(^anibtense and T. rhodestense arc similar in their appearance in the Wood in 
map, but differ in experimental animals, in which T. r//orf«/V«5(r alone shows 
frequent posterior nuclear forms. Again, T. gavibiense differs from all other 
morphologically similar trypanosomes in being insusceptible to the tr}’}janu- 
cidal action of human scrum. Biological characters which are important for 
identification arc the species o! susceptible x'crtebrates and the course of the 
<hscasc m these ; the species of the insect vectors ; the behaviour of the para- 
sites both in vertebrate and invertebrate hosts , and the response of infected 
animals to administration of tiypanocidal drugs. Immunity tests maynot be 
of value, since tri'panosonies arc capable of great antigenic variation, sni 
parasites derived from a relapse arc ffC(|uently serologically different from 
tliosc of the strain causing the original infection (cf. relapsing fever spiro- 
chictes, p. 195). On the basis of such cumulative evidence it is held that, for 
c.N'ample, T gambiense, T. r/fOr/rsir«se. and r.irnrcj represent biologicalraces 
of a single species (Hoarc). . 

Cultivation. A number of the trypanosomes have been cultivated 
outside the bodies of their natural hosts, the first work having been one 
w ith the rat trypanosome, T /eu-isi. by Xovy and MacNeal, who introduce 
special medium for the purpose 

Njcollc's modification o( Novy and MacNVal’s blood j f'* 
the cultivation of trypanosomes, kishmama*. etc .is prepared as * . . - 

in a flask t4 grms agar, C grms NaCl, and 900 cc water, and . ,ube 2 cc 

(the medium is not neufraJised or cleared) filter through cotton ..hemedfufn 
m tubes of t-inch diameter . siutocLave at 120 C fof rabbit's blowl 

to 50 C m a water b.tth , then into each tube introduce lOdrops ' , »rolbn?' 

obtained with aseptic precautions [etde Appetidiv) ^ ” Tncubalet6e 

m the hand, and allow the medium to solidifj m the sloped rif condensatmi 


for several days at 37 C to test slcnlity As 


in tne siopeu poau.iv.M jensatini 

.1.. p,e3vnc. 1. 


water is essential, evaporation must be prevented “ette into the wa^tr 

made bv introducing the infective material by means of a capillary P P 


made by introducing 
of condensation 


:ondensation , bv the foUowH’? 

Brutsaert and Flcnrard have obtained cultures of / ^,.„,„,labIeWtheadJ>tio" 
method (see Hawking) 0 2 c c of infected blood (lenderM in ^ a 

1 ^ r ^ nff rent ' houoid ' (Roche) solution to 5 bio sodium citrate 

wBntiethda)-s 

5eeii 

In cultures, the organisms may d.\idc being ohen 

blood, or cnthidial or leishmama form' f«ay r^su , , with 

arranged in rosettes containing a large ma> sotnetimcs 

fiageJla onentated in the same direction, put m the . 

be originated by introducing cuUnres into swtab e and usualH 

of the human trypanosomes cultures are dimeuu 

are not infective. p- has been obtained in the afbn oi 

iluUiplication of various tiypanosomes has ne , 

cavity or yolk sac of fertile eggs 
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TRYPANOSOMA GAMBIENSE 

Since the >eai 1800 the disease cabled sleeping sickness, sleeping dropsy, 
or negro lethargy has been rect^nised as prevailing on the West Coast of 
Afcica from the Senegal to Lagos, and la the parts l>^ng behind the coast 
bet\\een these regions. It has also been found to be ttfe from Cameroon to 
Angola, and in the Congo valley, and to a less extent up the Niger and its 
tributanes In lOOi it began to appear m the Uganda Protectorate, where it 
has wrought very serious havoc among the native population, and the 
in\estigations earned on m that region have led to a know ledge of its cause, 
A local inflammatory reaction of the skin occurs at the site of the infective 
bite , this disappears in sei'eral weeks After an incubation period of about a 
fortnight following inoculation by the bite of the fly. fever develops , the 
evening temperature may be elevated several degrees There may also be 
headache, hyperajsthesia.'and indefinite pains about the bod>, the pulse 
tends to be soh and rapid, and in a very large number of cases Die superficial 
Ijmphatic glands arc enlarged The initial features preceding the onset of 
the sleeping sickness stage are a change in disposition leading to moroseness. 
apath), disincitnation for nark or evcrtion, and sJoivncss of sjiecch and gait 
In a rapid case Icthargi' soon develops ami deepens , fine tremors, especially 
of the tongue and arms, appear . progressive emaciation occurs Blood 
changes anse, consisting of a progressne diminution of the red cells and of 
the hamogiobin, and of a I> mphocttosis in which the jwreentage of both the 
large and small mononuclear cells is increased, so tliat the former may consti- 
tute from 20 to and the hitter from 30 to Jf) j>cr cent of all the nhitc 
cells present As the illness progresses the drowsiness increases till the 
individual lapses into a coma from which he cannot lie roused Often there 
occur irregular adematous patches on the skin, .and sometimes en thematonf 
eruptions, and enusions into the serous ca'itics The disease has a high 
faialiti , and probabl> tihere the actual lethargy is devolojicd recovery never 
occurs Not eim case runs a pfogresiiieJv adiaiicmg course such as that 
desenbed above Sometimes the chid earl) feature, besides enlargement of 
gUnds, IS the occurrence from tunc to time of a.UacV:s of fever which mav Ik- 
nusbikcn for malaria, and from tJic^o ap|«rentl> tompletc rcioieri »n.n t.ikc 
place, recurrence, however, follows .is n rule, and ultimate}) the l)pua! 
tcnnm.ll phenomena commence Such cases tna\ go on for tears and it is 
hkeh th. 1 t man) jxitients the of pneumonia or somciAhcr mlectiun vviJboul 
evhibiting tvpicaltnanifc->talJonsof the niaUdv from which tliev rcalh suffer. 

Owing to the scrimisiiesv of tlie cpulvnnc of sleeping sickness in I gamia. 
a I omijjissjou of the Kov.vl Sticjelv was tlj'>j««tchcd i;j to vmi-stjgatc the 
CDnibtK'W t astclhim found in some cases «n ttic < erebro-ipm.il lluuh csjveci* 
alU when this was icntrifuged, living trv |Mn<»sonies resembling the T 
gamKiriiHi' whish •x-em ,it first to liavr lieen reg.irdcij ,is .«cuk’nt.il Hrure 
pursuing the w<irk «>f the < ommission with Nat».irro and (ireig in I‘.hiT m.idc 
.1 '.cru*' of evainiii.itionN in <^\iral mfcitcd loc.ilitics .iiul dcirionslr.itetl ttie 
trip tni»si)mc vii even i.ise of the disease This work formeii the sf.irting 
punt for iiiijiiirics wlii< ti provevl that the |vir.»sjte is the r.ios.tl .igent .if the 
< .'tulttion 1 he .irg.tnisnis wcren«tt seen hv the cerrhri> spin.il Hiinl <•} {wiiu-nts 
.i\iri ;4 of r.ilirf dise.isos m the .{eejnng sitkne^-s .ire.i (hi the tithcr hind n 
\uis f.iund th.it li •irehn»spma! Iluid witlulrawiv from ca'<'s of the thw-asr 
w.i-, nij's iisJ inio inonkev*. ifsjwxwttv 31ac>jcui rhfsui) irvpmirsnnies ap 
} < iir .f «i I hr hfo-st md in mini case-, in thrrv «»r lour iiv>'ifhs the animiU 
.}i<d .d in illnr-ss indistinguishable from sWpaig si. knes> .ind with the 
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parasite? m the central nervous system. On inoculation of other species of 
animals, lierbjvora or the gumea-pig. in nearly ever}' case a proliferation 
01 the parasite takes place, as indicated by its appearing in the Wood . bat 
often cither no disease occurs or this runs a verj' chronic course, Small 
animals sudi as rats and mice can also be infected, eg. by subcutaneous 
inoculation. Under ordinary conditions the trypanosomes do not long sur- 
vive removal horn the body. 

Pathological Changes. As desenhed by Jlott, the most striking patho 
JogicaJ cliange m cases of sleeping sickness is the presence of a chronic 
incningo*enccplialitis and mcningo-myclitis. The pia-arachnoid is sometimes 
opaque and sliglitJy thickened and may be_adherent to the brain, and its 
vessels usually show some congestion. The sub-arachnoid fluid is sometimes 
in e.NCcss and occasionally may' even be turbid. The membranes of the 
spinal cord sJiow similar changes. The chief otlier feature is the presence of 
enlarged lympliatic glands in the body, but otherwise there is nothing special 
to note. With regard to the microscopic changes, the chief feature u a 
proliferation and overgrowth of the neuroglia cells, especially of those «hich 
arc related to the sub-araclinoid space and also the perivascular spaces, wU 
accumulation and probably proliferation of lymphocytes in the meshwork 
'I lie cluangcs in the lymph glands are of similar nature, and resemble the 
inriltration of the iienvascular spaces of the central nervous system Thw 
changes arc specially significant in view of the lymphocytosis presents 
blood, wiiich has already been noted, and which so often occurs in protozw 
infections. In t/ic nerve elements there are merely some atrophy w tw 
dendrons of the nerve cells, a diminution of NissTs granules, and an escen n 
position of the midci. • , 

Trv/iiwosoine fever The first case in which trypanosomes were tou 
the blood was recor<l«l by fordeand Dutton in 1902 , 
not obviously suffering fror ' 

J3«ithtirst on tiie G.imbia. ' ,« 


characterised by general wasting and weahness, irregular nsss yj juti 
local a-denias, congested areas of the skin, 
incrcasc<l frequency of pulse and respiration. Death oc^rrea a > 
patient came under observation, following an access of .h-^rvation 

fact was the absence of any gross lesion Dunng the perio an6 

trypanosomes were repeatedly demonstrated m the ^ 
they also developed in monkeys and white rats mocnlat parasites 

J’ursuing further inquiries, Dutton and Todd about 

111 other iuiropeans and in several natives m the ^ h 

the same time Manson reported a case of the same kind r , ^ 5 ome"i’^* 

thus came to be recognised that m man there octurre a ' 
resembling nagan.i, in which trj'panosomes were prese 
this was usiiaJI}' referred to as human trypanosomiasis, ) 

—the trypanosome being named the T. gainhteiise . . vhetlier thf 

Ji.irl}- m tlic Uganda investigations the question a 
trvpanosome of sleeping sickness was large propo''*'*" 

Dutton. This was forced on the inquirers by the a >• harbour 
of the natives in the sleeping sickness area • from the 

sonics in tlieir blood, although not appaifutl) ^ ^p 5 „-ere constat") 

Severn! cases were carefully c.xamined in w/iich try p. 

present in the blood, but in which the patients ^tcrcioimdm t * 

from foicr, and during fficse pyrexml „ses ucre on the wj' 

ccrebro-spinal fluid. It uas suggested that tl th.it wh’ 

develop sleeping sickrnc-ss ^ cry importan o» 
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sleeping sickness areas a large proportion of the native population harboured 
trypanosomes, this was not the case wliere sleeping sickness did not occur 
Further, it was found that trjpanosomes from the cerebro-spmal fluid of 
sleeping sickness cases and from the blood of persons harbounng trypano- 
somes, but not suffenng from disease sjmptonjs, gave nse in monkeys to the 
same group of chronic effects which resembled the last stages of the disease 
in man. These facts Jed the Commi^onere to incline to the \jew that try- 
panosome fever and sleeping sicknessare due to the same cause, and represent 
different stages of the same disease It has already been pointed out that a 
fatal termination can occur in trypanosome fever by an acute febrile attack 
or from mtercurrent disease, and thus the terminal lethargic stage may onl> 
de\ elop m a certain proportion ol cases Continued obser\'atton of prolonged 
cases of trypanosome fever, both m Uganda by Greig and Grav, and in this 
countr) by Manson, has shown that sometimes the termination of a case is by 
the onset of tj’pical sleeping sickness There is now practically no doubt that 
the two conditions are eUologicaily identical It is generally agreed, also, 
that there are no morphological differences 
between the trypanosomes from the two 
tipes of case hence the name T ugandense 
originally applied to the organism reco\ered 
from actual cases of sleeping sickness is no 
longer used 

The prevalence of trjpanosomes in the 
blood of appatentlj healthy natixes has 
raised the question of the possibihtj of 
tolerance esisting and of immumtj being 
established It is possible that both pheno- 
mena occur, that not ei'cry infection results 
in multiplication of the parasite in the bodj 
of the victim, and that m certain cases where 
multiplication does occur, a resistance is 
developed which enables the body to Kill the 
parasites It has been suggested that when this resistance is weak the 
organism gams entrance to the cerebro-spinal system, and that then sleeping 
sickness results 

JfiCKOSCOPic Ckaracters Since T gambu»se usually occurs onh 
in small numbers in the blood in man (Fig 194). its microscopic characters 
have been studied mainly in infections of animab such as gmnea-pigs or rats 
In these it measures on the average 15 to 30 /». the nucleus is central and the 
biepharoplast close to the posterior end The trypanosome is poljTnorphic, 
long slender forms with flagella and short broad forms without free flagefla, 
as well as foitns of intemiediate length, being found {Fig 195, i-5) In man 
the parasites also penetrate into the tissues, especialK muscle 

Transmissfon by Tsetse Flies (GlossfnW»j, It was found that in the 
parts round the north end of Lake Victona Nyanza where sleeping sickness 
was prevalent, the distribution of the disease e.vactly corresponded with 
the djstnbutjon ol a blood-sucking tnsect. the Ghsstna palpah^ (a species 
closelv allied to the Gtoss)»a morsitans of iiagana) When one of these flies 
was fed on a sleeping sickness patient and then allowed to bite a monkev. 
tn jiano^omes frequenth appeared in the animars blood, and the same result 
often followed when fresh flies caught m the sleeping sickness area were 
plared on a monkej Kfeine established the important fact that when Gl 
morsitans was allowed to bite an animal suffering from nagana the flv did not 
become infective for about twenty davs This was confirmed (or Q palpa!ts. 



r«G I‘»l roA'a«<'W»« gamitense 
from Utoed of humaa«.as« Leiih- 
tnaa t viain / t.UOu 
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in the case of monkeys infected «-ith T. g^mhii„se. bv Brace and those associ- 
ated wi th him. Here it was found that infectivitj- did not appear til! atat 
thirty-tvyo days after the ffy had fed, and continued unti)atleastserenty-(iie 
Oays: It was at first supposed that’monkeys could not be infected niih the 
trypanosomes from the bryised-up bodies of the fly. but Bruce succeeded in 
originating an infection with this material, results being positive during the 
first two days after the fly had bitten and then being negative till after the 
twnty-second day. Bruce noted that the renewed infectivity corresponded 
with the appearance of ' metacycKc ' trypanosomes in the salivary gland of 
the glossina. Tiie cycle of development of the trypanosome in CL palpaHs 
has been found by Bruce and his co-workers and by Robertson to be as 
follows. Thirty-six to forty-eight hours after ingestion of the infected blood- 
many of the parasites arc degenerate, but some of the broad forms are disdd- 
ing ; the products of division show for a short time crithidial forms in which 
the blcpharoplast is situated anteriorly and the undulating membrane is only 
slightly developed At the tenth day numerous trypanosomes of vm 
variable shape and size are present ; later, slender forms appear in increasing 
numbers, and these pass to the proventriculus and hypopharynx. Thc\ 
travel along the duct to the salivary gland, and here crithidial forms develop , 
the latter again produce trypanosomes, and after the appearance of tfirse 
‘ metacyclfc ' forms at about the twentieth day the fly becomes infccrive for 
the vertebrate host. Only a small proportion of flies which have ingest^ 
trypanosomes in the blood of a patient ^come infective subsequently. The 
temperature has an important influence on the development of the trj pauo 
somes in the fly ; thus fCinghom and Yorke found in the case of T . rhodesienst 
that under C. the trypanosomes did not invade the sahv'ary* %hnds o 

Gfossum #Hors»fn«s, and hence the fly did not become infeetb'e ..... 

Certain facts having an important bearing on the continued iniMWi 
of a locality have emerged. It was found that a certain island on isxe j 
toria Nyanza. whic/i had been cleared of infected natives two years , j' 
still Jiarboured infective flics. To account for this it must be suppose J 
that the Glasstua has an e.xtended duration of life, or that the ^ 

exists among the wild animals. Cattle and wild herbivora, Luim ol 

antelopes, can be infected with the parasite, and can through t e ^ _ 
the fly infect monkeys It is possible that such animals, \shi e . j.f 
in any serious way themselves, are the means 

In certain areas, apparently healthy pigs have been found to ac a ^ 

of T. gambtetise from which flies were readily rmcodile h^rboa^5 

There is no definite evidence that, as Koch supposed, th 
the trypanosome 

In some districts the infection may be 
and possibly by other species of Glossvia 

TBYPANOSOMA BHODESIENSE ■ 

In 1910 Stephens and Fantham observed 
panosomes derived from a case of human . The organh^is 

individual who had returned to England from ir o /reauently 
the blood of small animals (rats, mice, and to approach the 

a very blunt posterior end and the ^ formVfFig. 

kinetonucleus and might he behind 7 t>a>nbiensc- Another - 

6-111 . otherwise the trypanosome closely .hjrh uo rifl 

feature of the case was that only Gl ‘ trypanosomiasis to man, 

been suspected of being capable of transmitt g }P 


transmitted by Clotsim lachimi>‘ 
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mtecUvity of the trypanosome for the tnf * ^ become infective. The 
‘J? ^F«<:>es of the vertebrate th 

the flies are fed (Corson). T rfioifaiVjisr ® JCvpanajo^js „„ 
tsetse flies other than Gl PtoisitZT ^ ™™times be transmittai li 

The d-Sfirhjs/’trforr^L^^^^ '™'" 

quentiy there is not a terminal Xerfnt T f«' 

visceral lesions before the central om "““'"’"‘f b”™ 

cases, and there Tje'rnrn^l T™/ ''" “"t^W 

monkeys experimentally infected the tnZ!?’”', 

cardium at a djetance frnm ^ fOpanosornes muftipfy m the in}o- 

pericarditis. aloserourSfeLi'^'^^^^^^ ™5-ocard,lis ami 

in man The orCfoZ (Peruzri) ; and similar • lesions occur 

of the illness bein^e shorter 

is greater than tmrarls T ' ra *®“P«Wity of the sheep and goat 
cedema esmcalh- of animals mdcspieaJ 

.nfec«on7n is In “ 'b^tacteristic T. 

effect on the inforti human serum, ivhich has no therapeutic 

bSn consMeraS ? ■'< t)>«e animals Theie has 

to r irTcn tII regarding the relationship of T. rhimnu 

been ^ T. ior the human subject has 

enri Tn inoculation of volunteers. But uhiJe djfler- 

t>it» effects of the two organisms have been observed, 

!t,!} ^ ^ interpretation of the data constitutes a difficult question. Bruce 
.i.a- ^ 0 "_'\ori<ers, founding largely on extended biometnc investigations, 

e e of opinion that the T. thodestensf is a strain of T. bmei ivhicJi has 
acraptea risen to man. As mentioned above, the view is now generally ac* 
cepteu that T. gambtense, T rhodesiense, and T. brum are biological races of 
the same species. 


LABORATORY DIAGNOSIS OF TRYPANOSOME FEVER AND 
SLEEPING SICKNESS 

Trypanosomes should be looked for in fresh and stained films of the 
jmee of Ij'mph glands, blood, cerebro-spinal fluid, and bone marrow 
In the case of the cerehro-spinal Jiutd (obtained either by lumbar or cisternal 
puncture) about ]0 c.c should be centrifuged for fifteen minutes and 
the deposit placed under a cover-glass for examination (to avoid injiirv 
to the delicate structure of the organism make a little cell on a slide by 
painting a nng of ordinary embedding paraffin, place the droplet of fluid in 
Its centre and support the cover-glass on the paraffin). In fresh ccrebro-sjnnal 
fluid the trypanosomes can be seen to be actively motile ; the number in 
which they occur varies very much, and the same is true to a greater degree 
of the blood, in whicli they are, however, usuabv very scant}'. ^Vitb regard 
to the blood, fresh films or thm or Ibick stained films may be examined as m 
the case of malaria For concentrating the organisms Bruce ami Aabarro 
recommended that the blood be mixed with citrate of sodium solution (cqn'i 
parts of blood and of a 1 per cent, citrate solution) and centrifuged for un 
minutes, that the plasma be removed and centrifuged again for the same im . 
and that this be repeated three times, the deposit on cac/i occasion , 
first centnfuging being carefully examined Evaminafion of 
glands in a suspected case is a valuable means of diagnosis. - 

puncture the gland uith a liypodermic needle, suck up a httlc oi ‘ J 
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and expel I't on ^ $ 

A-wibnman 

< v^-K-uro-spinal fluid and gland 

} _..(uuiattn IS difficult, but good prepxirations are 

o ^ tiie procedure ongmally recornraended bj Leishman for sections 

MeUiod After the section has been bma^t mto distiDeJ water, excess ot the latter 
IS Wotted oft , a drop of fresh blood serum js then placed on the preparation and ailovicil 
to soak m for five minutes The excess is rcmostrl b> blotting, and the remainder is 
allowfd to dry on the section, which is. now treated with'a mixture of two parts of 
Leishman’s stain and three of distilled water, and placed in a Petn dish for one to one 
and a half hours Decolonsation and d«8«enUation a re effected by alternately applying 
dilute acetic acid and caustic soda solutions (Appeodsx) 

The presence of scanty parasites mav be shown fa> subcutaneous or tntra* 
peritoneal tnoculaiion 0 / a rat, mouse, or mousey with blood, cerebro-spinal 
fluid, etc from a suspected case The animal’s blood should then be examined 
at intervals of several da\s for the next month or two — in the case of a rat or 
mouse this is readtlj done bv snipping a small piece off the skm of the tip of 
the tail, and expressing a drop of blood It must be noted, however, that 
negative results have no significance, as an infection may fail to develop tn 
the animal even when trypanosomes can be detected by microscopic examina- 
tion in the inoculated blood The occurrence of anioa^gluUnaUon 0 / the red 
corpuscles when a wet film of blood of a patient is examined between a slide 
and coversUp is highly suggestive of trypanosomiasis, although not diagnostic 
m Itself 


TRYPANOSOMA CRUZI 

A disease of man associated with trypanosome infection was originally dis- 
covered in Brazil, where Chagas observed the trypanosome in a monkev 
which had been bitten by a reduvnd bug, Trtatomft megista {Pansiroiigylus 
megislus), the latter harbounng numerous flagellates in its intestine As 
these insects also feed on man both in thcic wnged and nymph stages, the 
possible relationship of the trypanosome to a human disease m that region 
was investigated The trypanosome has since been found to be much more 
widely distnbuted geographtcalh , having been met wuth as far north as 
California in the rodent .V^otomii ftiscipes Accordingly , the occurrence of the 
tiuman disease appears to depend on a number of factors acting concurrently 

The disease affects children in various parts of S /\menca, and gives nse 
to marked fever, the occurrence of mdema (conspicuous m the face), and 
enlargement of the thyroid, lymphatic glands, the spleen, and liver It may 
cause death in a few weeks, or assume a xery chronic form which has been 
stated to be characterised by disorders of internal secretion — myxadema, 
bronzing of skm. and infantilism— although the relation of these changes to 
the infection has been doubted Cardiac and neurotropic forms have also 
been described In adults the condition tends to be of the chronic form, or 
latent The trypanosomes are readily found in the penpheral circulation m 
acute cases in the first ten to thirty days of illness fTig 155, 12-U) , but at 
the chronu stage they may not te detectable on microscopic examination, 
although they' may persist for many years As seen in the blood T cruzi 
presents slender forms, which show active movements of progression, and 
larger forms w Inch do not shift thfir place. The special feature of interest is 
the multiplication of the parasite, which does not occur in the blood but in 
the tcssue cells Thus post mortem in man, the parasite is found thicfli w >thin 
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domi .'rani's: “ILT't 

of flagellum which measures £> 

and other tsetse flies This trj . ' ' 

stomach 'w ^wuui. t. tnax is distinguished by its a.tiu- 
Tnri tSl measures 18 to 26 ^ m length, has a definitl flaijruJn 

and the macronucleus lies towards the anlenor end of the body. In the tsetse (Cl 
marstians &nd other species) multip/ication of the tr>-panosomes orriir* ««!.- .i- 

proboscis T ■ - ' • 
but T. vivaK, 

T. evansJ i 
found in Asia 
camels. The 

Stomoxys ana laoaims; it is a monomorphic trypanosome resembling T Irucn. 
though frequently shorter , avanety of experimental animals aresuccptible to infection 
T. equiperdum is similar to T evansi ; the disease, Dourine, which it pTwlacrs n 
horses resembles nagana in many ways It ts peculiar jn that in/ection doe’ not falfr 
place by an intermedtate host, but directly through coitus, as it occurs only in ‘Ullm* 
and in mares served by these. Laboratory animals are susceptible to expcnroc’itil 
inoculation with blood contaiomg the trypanosomes 

T. equltium tufects horses in S America, producing Mai de Caderas ; other dnm»stK 
animals arc less severely aflected Biung fties arc I^lieve^ vs tsawswwt this inlcction 
WTiiIe generally like T a striking feature of 7 ryi/inioM is the minute sin* of th-* 

blepharoplast . and the parabasal body is absent. La^ratorj' rodents are suNceptible 
to innculation 

T. thsUerl, a tr^-panosome found in cattte in Alnca and other parts of the world, u 


tive forms of the parasite develop It does not inlcct other ammaU 

Trypanosoma lewisl. This trjTianosome is ver>' common in the blond of tats all wrr 
the world, though the percentage of animah atfected vancs in diflcrvnt ^ 


infection runs a very definite course in the rat, atthovigh usually without sign' ^ 
illness and only very rarely fatal. In the later stage of the infection, 
several months, the parasites do not multiply to any considerable c\ m 

.» 5_., U..* r„rrn,\ thc oostcriof cnU PflPJ 


actively motile, of ordinary length but somewhat narrow, the 

pointed, the niacronucleus lying in front of the centre of the b«lj, win e ^ P 

does not contain any granules In four to six days after intrapcritonea i" ^ 

blootl from an infected rat the organisms begin to appear in the b o™ . 

and very extensive multiplication occurs At this stage the -j,, ^r«Ji 

morphism Finally the Organisms gradually di 5 ,appcar from the _ 

majOTity of cases the rat is now immune agamat fresh, infection ^L^pycl^ar 

duced into its peritoneum are, accordinc to Laveran. taken up 5 . 

cytes and destrojed The serum of a rat whicli has been 

action on the trypanosomes, causing them to agglomerate in . i pipritccli'r 
ate directed outwards , the serum of inimnwe tat-, has abo a w f ‘ 

action If injected along with the organisms into a - y„ef>f 

Taliaferro, two distinct specific antibodiescome into play mt ^ th'ti . 

. 1 

{ 

being often produced (the optimum temperature "C* A Licrttlrtf m carrjir? * 

into rats give ri«e to the usual infection Nov> ‘ ,e„stant 

growth through many subcultures The trypatimonie ‘ ' j C ) *><•, 

has been exposed for fifteen minutes to the tempeiature w 
being killed Kabinowitsch and Kempner have shown tnai i* 

/asaalus. transmits the parasite, inh-ction occutnng tnrou,n 
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swallowed (Noller , Minchin and Thomson, and others) In the fieaaphaseof multiplica- 
tion of the trypanosomes occurs within the ^thelial ccHs of the stomach , the parasites 
then migrate to the hind -gut and rectum, assume thecrithidial form and undergo fission, 
and finally take on the trypanosoroe fonn agjiin The fiea becomes infective about a 
week after bstmg, and remains infective for the rest of its life Infection may also take 
place through other species of fiiias and through the rat louse {Htrwai<5p!»iKs spii!t<lostis\ 
Similar trypanosomes occur in other rodents, each being apparently adapted to it? 
specific host, « g T (chhicu/i) in the rabbit, T dii/foni in the mouse, etc 



CHAPTER XXXVX 

PATH0GEiN7C PROTOZOA (co«/(7.)~LErSHMAXrA ; TOXOPLAS-VA 

LEISHMAXIA 

These- parasites, which are classed in the same hmily as the trypano- 
somes, cause three human diseases. Although microscopically indistinguish- 
able, It IS generally held that the organisms belong to two orpossiblv three 
vlistinct species—leishmanta donovani (the name given to it by’Koss), 
associated with the human disease kala-arar ; Leishmania xnfanUm, pro- 
ducing a similar disease in children (possibly identical %nfh L donovani] ; 
and Letshmaiita tropica, which has been found in a skin ulceration of wide- 
spread geographical distribution. The Jeishmania body, which is best 
demonstrated by a Romanowsky stain, eg. Leishman’s, is round, oval, or 
cdckleshell-shaped, and usually 2*5 to 3*5 /« in diameter, though smaller forms 
occur. The protoplasm stains pink, or sometimes slightly bluish, and contains 
tu o bodies taking on the bright red colour of nuclear cKromatin. The larger 
itrophonucicus), which stains /css intense/y than the smaller, is round, oi^l, 
heart-shaped, or bilobed. and lies rather towards the periphery of the body- 
in the region of the ' hinge ' in the cockle-shaped indixdduals. The other 
chromatin body (kinetonucleus or kinetoplast) is usually rod-shaped, and is 
set perpendicularly or at a tangent to the larger mass, with which only excep- 
tionally It appears to be connected. According to C^hristophers, Shortt and 
Barraud, the smaller chromatin body is differentiated into the parabasal 
body, and, running at right angles to the long a.vis of the latter, the rhiroplast 
laxoneme), which is a straight or slightly curved linear structure measunng 
about half the diameter of the parasite in length. The aspect of the parasite 
on which the parabasal body is situated is taken to be dorsal, and from it, a 
a point corresponding to the blepharoplast, the rhizoplast extends antenor v. 
Usually the protoplasm contains one or two vacuoles The bodies art toun 
chiefly within the protoplasm of macrophages where they have multiple . 
but thev maj’ also occur free, usually as the result of bursting oi sue c s- 
It has now been established that the parasite passes another ° . 
existence in blood-sucking flies of the Phlebotomiis genus (sand les;. 
the alimentary tract of the insects a lepto’aon^ form is pro ‘ 
trypanosome-Iike structure devoid of an unr Aating membrane an , . 

flagellum becoming free at the end wher forms 

these proliferate A fly becomes infective latorally if t e 
invade the distal part of its epipharyn.v a id are ejectc ^ , p ^re 
IS not the only mammal susceptible to ir .eclion wUh lets xf' jjtciranean 

found to be infected naturally m certai.i ° ... reservoir whence 

coast, and there is good evidence that tney j the associi- 

children acquire the disease in that region. On th ... means 

tion of leishmania infection in the dog and the hu a } . , ^ c.xi’ed- 
invariable. Various rodents and other ^’"''“'^"enatuianviniecKd. 
mentally with Jeishmamas , and certam . -asismsomecouninw 

have been shown to be the source of cutaneousjeis . soldiers invalided 

' Leishmania donovani, Leishroan notic^ ‘J'tJrt-nrefuIevaminatJonof 
from India for remittent fever and cachexia that > 
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the blood failed to reveal the presence of malaria parasites Jlost of these 
patients during their ser\nce had been quartered at Dum-Dum, an unhealthy 
cantonment near Calcutta, and from this fact the existence of a disease 
hitherto undesenbed was suspected In 1900 Leishmati found m the spleen 
of such a case peculiar bodies, which resembled degenerating forms of T 
brucei, and he suggested that they might be trypanosomes Leishman's 
observations were confirmed in India by Donovan, and the bodies associated 
with the disease arc now usually called the ‘ Leishman ’ or the ' Leishman- 
Donovan ’ bodies. They were found by Bentley, and later bv Rogers, in the 
disease knowm in Assam as kala-azar, the pathology of which had long been 
obscure, since, while it resembled malnna in manj ways, no malana parasites 
could be .demonstrated This disease has gone under v anous synonvms, e g 
cachectic fever. Dum-Dum fever, non-malanal remittent fever, but is now- 
recognised as a single specific entity— xiscera! leishmaniasis 

Kala-azar (or ‘ black disease ' — so called from the hue assumed b\ 
chocolate-coloured patients suffering from it) has been known since I8t)9 as 
a serious epidemic disease in Assam, where it has spread from village to 
'illage up the Brahmaputra valley The disease occurs in many parts of 
India, China, Turkestan, the Malay Archipelago, North Africa, the Sudan, 
Syria, Arabia, and also South America (see Scnekjie) The disease is char- 
acterised by fever of a very irregular type, by progressive cachexia, and bj 
ansmia associated with .enlargement of the spleen and liver Some cases at 
the commencement may resemble enteric fever Rogers pointed out that 
there occurs a leucopenia which is almost always more marked than that of 
malaria — the leucocytes usually numbering less than 2,000 — further, the 
white cells are reduced in greater ratio than the red corpuscles, which con- 
dition, again, does not occur in malana The disease is chronic, often going 
on for several years, and in. at any rate, 80 per cent of the cases has a fatal 
issue Unless treated by antimony compounds or diamidmo stilbene It is of 
interest in connection with the cutaneous disease caused by L froptca (ude 
*«/«), that in kala-azar ulcers of the skin may occur Also. Brahmachan and 
others have recorded the development of skin nodules containing the para- 
sites, as a late form of recurrence in patients who had not been completely 
sterilised by treatment, but in whom visceral infection did not recur (see 
Kirk) 

Post mortem, there is little to note beyond the enlargement of the liver and 
spleen, but m the intestine, especially m the colon, there are often large or 
Small ulcers, and there is evidence of proliferation in the bone marrow, the 
red marrow encroaching on the yellow The histological changes consist 
essentially m an increase of the large mononuclear phagocytes (see Melcney) 

In a smear made from the spleen and stained by Leishman’s solution the 
characteristic bodies can be readily demonstrated (Fig 197) Although m 
Such films many free bodies are seen, the study of sections shows that ordin- 
anly their position is within the protoplasm of large mononuclear cells — 
macrophages The view held is that on their entenng the circulation they 
are taken up by the mononuclear leucocytes and by such cells as the 
endothelial lining of the splenic sinuses or those lining capillaries or lym- 
phatics. that in these cells multiplication takes place— it may be to such an 
extent as to rupture the cell — and that if thus the bodies become free they 
are taken up by other cells and the process is repeated The clusters of bodies 
sometimes seen in smears are probably held together by the remains of rup- 
tured phagocytes In capillaries the endothelial cells after ingesting the 
bodies probably become detached from the rapillary wall, as they are 
often observed free in the lumen of the vessel — tins being well seen in the 
44 
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those draining one of the intestinal nte ‘“iSsTrequmtfv th*’ 
skin ulcers, and in other parts of the body 't gIL' Sh „f tL ' 
crcirdod with them (Peiry). Donovan'iestibed as oc“nt 
peripheral blood, especially wthin the 
leucocytes, and this observation has 
been generally confirmed, though some- 
, times prolonged search is necessan. 

w has found that the numbers in 

^ blood vary from time to time, and 

A® incursions may be associated 

IP ^vith exacerbations of dysentencs^mp- 

toms which, he holds, indicate a spread 
intestinal ulceration, Shortt 
and his co-workers frequently recovered 
the organisms in cultures made from 
the unnar}’ sediment. They occur also 
in the secretions of the mouth and 
nose (Forfcner et al.). 

In the body the parasite multiplies 
by simple fission, both nuclei dindmg 
amitotically and two new individuals 
being formed , but sometimes a multiple division takes place, each nucleus 
dividing several times within the protoplasm and a corresponding number 
of new parasites resulting, 

CuI,TIVATIO^ Rogers made the important discover}- that in cultures 
a flagellate organism developed from the Leishman-Donovan body. Thus 
Leishman's original view on the relation of 
leishmama to the trypanosomes was confirmed. 

Cultivation was effected by taking spleen juice 
containing the parasite, placing it m sodium 
citrate solution, and keeping it at 17’* to 21® C. j 

Under such conditions there occurs an enlarge- \ 

merit of the organism, but especially of the ^ 

larger nucleus This is followed by the appear- ^ 

ance of a pink-staining vacuole in the neighbour- ( 

hood of the smaller nucleus. Along with these 
changes, in from twenty-four to forty-eight 
hours, the parasite becomes elongated and the 
smaller nucleus and its v'acuole move to one 
end , from the vacuole there then appears to 
develop a red-staining flagellum, which when 
fully formed seems to take its origin from the 
neighbourhood of the small nucleus. The body hroacl irith 

of the parasite is now from 20 to 22 it long and 3 to 
flagellum about 22 /« long. The whole dev'elopment , ghserved, and, 

hours The formation of an undulating membrane u as ^ 
although the flagellated organism moved flagellum firs , different, as 

It is evident that here the relationship of the animals. 

this structure lies anterior to themacronucleus. ine but success in 

e p. man, guinea-pig, has an inhibitory effect on P ^ ’ medium made 

the cultivation has attended the use of Nov}’ and * 
up with rabbit’s blood (that of the sheep or dog mav ais 


lie 106 Ler>h>muua doM 
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The foJJoKtRg procedure has been recomittended &s improving the medium /or 
cultivation of leishmani® To each tube of 18 mtn diameter containing 9 c c 2 per cent 
melted agar medium 3 c c dedbrioated rabbit \A<3od are added, and the tubes are kept 
in the sloped position at room teinperatiire for twenty -four hours They are then capped 
and placed at 37'“ C for twenty-four bouts Thereafter 2 c c 085 percent NaCl solution 
are added to each tube and they are capped again and placed m a sloping position at 
37’ C for twenty-four hours further Growth js nebest toward the surface 

Loane has used the following siropJe semi-sohd isediun) both for pnBiaiy culture 
of leislimaniK and tor mamtainmg subcultures 0 3 gran of powdered agar is dissolved 
jn 100 c c saline by raising to the boil m a flask and boiling for 2 minutes Then the 
flask js cooled la a ivater-bath to 45'-50* C and 16 cc sterile deflbrinated rabbit s 
blood IS added This is well mixed and aourants of 3 to !S c c are placed in 15 cm bj 
1 o to 1 75 cm tubes , these are not plugged but art covered w ith glass caps The 
medium keeps in the ice chest for many months Cultures kept at 15® to 31® C rernam 
V table for at least 2 or 3 months Orowtb is mote rapid at 23’ to 25® C 

The phases of the parasite m syeb cultures have been investigated by 
Christophers, Shortt and Barraud . they coneJuded that the masses of 
mature flagellate forms which develop from the Leisliman-Donovai) bodies, 
leave the group where they were produced and become free-swimming 
These separate and later come to test ; then as a result of repeated divisions 
each gi'es nse to a number of short multiplicative forms, some of which 
again are provided with \ibratilc flagella and, becoming free-swimming, 
repeat the cycle In cultures ivlnch hax’e been kept some time (at least seven 
days), small rounded non-fiagelJatc forms appear wluch measure about 3 // , 
these arc considered by Row to be of the nature of cysts, but have beijn 
regarded by others as degenerate forms The relative infectjvity of the lepto- 
monaa and the sounded (Icishinanioid) forms has not been settled (see 
Southwell et al ) In old cultures Letshman described the occurrence of un- 
equal division ol the parasite, which resulted in the splitting off of a hair-like 
undulating fonn containing a cliromatm granule , the final development of 
these spmllary forms has not been traced 

The cultivation of leiihmamx m the yolk sac of the developing hen’s 
egg has also been effected (Jones ei al.) 

Erperimental Inlectioos. Thougli results obtained in different parts of 
the norldvar>’Somewhat, certain ammalsfrg monkejs.youngdogs.and mice/ 
have, in a varjing proportion of cases, been mfected with the parasite as ii 
occurs in human lesions and also »n cultures The intrapentoneal route is the 
best, and both when the animals have died and have been killed leishmama; 
have been found in such situations as the spleen, the liver, and bone marrow 
Recovery from the infection is foJloired b> immunity to remocuJation 
Tet’ding experiments have usually liccn unsuccessful, but some positive results 
are recorded The observation ol Smvly and Young tiiat Cnceiulus griwis 
{the Chinese hamster) and other hamsters ate highly susceptible to intra- 
pentoncai moculalion has greatly facilitated such investigations Infection 
iiasalso been produced, in descttidmgordcrofcertaintv . bi the subcutaneous, 
oral, jicrtiitancous, and con}unctival routes Brumpt and Gaillard haw 
found the sjicrmophile iCililliis citiWus) susceptible ui the case of a Chinese 
strain of the par.isUc The infection manimalstends to have a chronic course 
Natural Siodeot 'transmission. The question arises, given that £. doiwinm 
IS the cause <if kala-arar, how is infection spread Various theories hai c been 
held 1 he c\i.rctton b\ jwtjcnts of living p-arasites, their survival in a moist 
state for several d.ivs, and positive results in feeding cxjicrimcnts suggested 
tb.u the infection mav l>c spread by such means The relationship ol the 
organiMU to tfic trvpano->omcs and its jiroscncc in the blood made it apjxrar 
hUdv tfiat 4 WwkI sucking insect might act as the micrmediarv host. The 
}«-d bug (rjiMci was suspcctcil, but it wus shown that hugs 
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oMamccI from 1 ,e licdding of kala-a/ar patients, or fed upon such cases verv 
r.ircl!, coiitamcd flagellates, ami material from such bugs nhen injected into 
monkeys dnl not produce the infection. As regards other insects, a ireqmni 
difficulty has been the presence of a variety of flagellates uhich nomiilh 
inliabji tlicir intestines. The KaU-azsc Comniiss»on, however, brought 
foruarcl strung evidence that a sandfly, PklebolomHs argtntipes, is the insect 
Imst. since its distnbation corresponds with that of hala-azar. UTien ftesoi 

fi the 
i others) 

- - a peripheral blood of patients, 

such multiplication in this fly indicates that it affords a specia)!)' favourable 
rnednun for the parasite. The apjicarances met witli in the intestinal contents 
of t/ie infected flics wore the same as those found in artificial cultures of Jeish- 
inaniie . further, a large numlicr of flics fed upon healthy individuals faded 
to siiow flagellates U is of importance also that in several instances the 
rommission carried out control CAperiments in uhich the sime cases as cau'^ed 
infection of V. urgcitUpf: were fe<J upon hj* bugs, but uith entirely negatiie 
results. The Piilcljotomus flics showed a marked infection of the gut fi'C 
<i<»\ s after feeding upon n case, and in a considerable j^roportion of flies uhich 
survived to the cightfi day the pharynx and buccal cavity contained flagel- 
lates, but they did not become established to any extent in the rectum In 
lonnection with the idcntific.'ition of insect hosts of the leishmam®, it is note* 
worthj that these protozoa will rlevclop only in the absence of bacteria, 
tilts condition is realised in the alimcntar)* tract of Pblebotomus flies As 
regards capacity to tcausmit the disease, it is only in certain specie of these 
flu s that the proliferated leishmaniie make their way to the proboscis, iihence 
aj ptircntly tlie jiarasitcs arc conveyed to the human host by 
tu t of biting, ffowever, the transmission of tlie infection to the Chinese 
Iwiinitcr bv repeated bites of artificiallv infected PMfloiomiis argentipes v.as 
ni Jv <.ccaMaii.illv' Muct‘<i«ful (see Shortt. 19I5-J6). and attempts to transmi 
tl f mffction to litunan subjects were unsuccessful, until it appeare 
tl mndo of feeding tiie infected flies might be a determining Jac 
flu s wlmh h.iw mgtsted infected blood rcceiic meals of A’ 

the (li*\elopn«nt of viruk-nl K-ishnianirc is not favoured ; but n e> 
on sugary matter fraisms) there is a much greater prohfera i 
jiarasites and these come to ‘ block ' thephaiyns {this 
hrx not been gencralljv acccjitcd). Infected flics treate m “ ^ 

transmitted tiie parasites readily both to man ^ . .jns of L 

Swnminatli ei ) It is also possible, however, that difl influence 

doituraui may I’ary in their infeclivity Other factors w i . . 
the uifectivity of the flies arc discussed in connection wit ' ^ 3 ^,^ tj^is 

Complete de\ elopment of tlic parasite occurs ai^ m 
species IS reg.rrdcd as the transmitter in China in ot ic P that 

different- species of Phlebotoraus flies are responsibJe. Kjt-^s mt gained 
infection is received from the fly othervnse than by its bde 
much support , mav be a source of 

The question anses as to how far other ma , . rji/na dogs are an 
infection for man. WJiile there is strong of dogs from the 

important source of the disease, m India tb. , evidence that nalural 
neighbourhood of kala-azar cases has m t ^ infected dogs is dis- - 

infection occurs m these animals. The Jomestic anim^h have 

cussed further under L. iujaninm. Cats and o . . they are of 

dUo been stated to be inlected ; bw\ u no ev laen 

importance in relation to the human disease. 



LEISHMANIA 


G93 


Leishmania infantum. NtcoIIe, working in Tunis, observed a disease 
clinically identical with kala-azar, usually affecting children between tsvo and 
five years of age, and exceptional after the age of fifteen He found in the 
spleen, lii’er, and bone marrou' in such cases an organism microscopically 
indistinguishable from the L donovam. Cutaneous and intestinal ulceration, 
such as are met with m kala-azar, do not occur The disease, although 
sporadic, is very widespread, and occurs along the whole of the south and east 
littorals of the Mediterranean, also in Spam. Portugal, Greece, Sicily, France 
(C6te d’Azur), and in Italy as far north as Rome, in the Sudan, and 
Abyssinia 

The organism can be successfully inocufated in the dog. monkey, mouse, 
rat, guinea-pig, and rabbit by intrahepatic or mtraperitoneal injection of 
spleen pulp from fatal human cases Also, several spencs of hamsters have 
proved susceptible to inoculation mlh the organisms from tissues or cultures 
(Adler and Theodor , and others) 

The organism has been regarded as a separate species In support of this 
is the fact that the disease, as it occurs tn the regions named, is apparenth' 
confined to young children Nicolle considered the infection of the dog to be 
significant, as this animal might be the channel through which children 
became infected, for m most regions where the disease prevails there occurs a 
disease of dogs, which may be either of an acute or chronic character, and 
which 15 apparently due to an identical organism In infected dogs ulcers 
may occur in the skin, and both in these and also tn apparently healthy areas 
of skin, numerous leishmania* are pr^ent On the other hand, Laveran found 
that a .l/«caciis monkey which had recovered from an infection with Jeish- 
mania derived from Tunis, uas also immune to inoculation inth parasites 
obtained from a case of Indian kala-azar, thus it would appear likely that 
tlie two organisms are identical, although they show certain differences 
{ndt p. 69.>) Serological reactions arc also in favour of tlie identity of the 
two. The endence points to Phtcbolomus perniciosus being the important 
vector (Adler and Theodor) , but other Fhlebotomus flies may aUo be 
vectors, e g P. major. 

Leishmania tropica. In various tropical and sub-tropical regions (India, 
Middle Asia, Greece, Italy. Spam, Egypt, Northern Africa, the Sudan, 
Turkey, South America. West Indies) there ts uadely prevalent a vancty of 
scr) intractable chrome ulceration «hirh goes by various names in different 
parts of the >\orld — Delhi sore, tropic-il ulcer. Aleppo bod. etc These sores 
at the commencement mav be -single or multiple tliey may spread from one 
part of the body to another by auto-inoculation, also they may be communi- 
cated to other individuals by contact Wright, of Boston, V S A .lirstshowed 
that a protozoal parasite tmcroscopically indistinguishable from L donovaui. 

IS concerned m the etiology of the condition Great numbers ol Icislimania 
bodies were demonstrated m the discharge from the ulcer ant) in sections of 
a jwrtion of tissue excised from a case coming from Armenia It uas found 
that the bodies were usually intracellular in jiosition m the lesion, as manv as 
twenty being in one cell, and that the U'jxr of cell eontaming them was, as m 
k.vl.i-ar.ar, the macrophage (Fig 199) These obscrs'ations base been fully 
confirmed by workers tn various parts of the worhl The duration of the sore 
Is al)QtU a sear After recovery the mdmdual po-.'Csscs immumts to re- 
moculatioii Sometimes the parasite is destroyed in a foul ukcr. but c.ni 
still be obtained li> taking some of the jutce from the margtn.d induMied 
tissues by capdlarv glass tubes Patton reported finding the org-iniim in 
bhxKl taken from p.irts adjacent to the ulcer. 

Ihc organism mav be gruwji in Xovy and MatSe-irs medium or m 
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citrated blood. -w «^lOZ 0 A 

monkey, and the 

and by cultures c *. • 

either by a granuloma 
lesions, often characteri 

^in or around the joints; 'all th£iX;“„““ He 

d!rrT°l‘^ occurs in d^s and ' 

d iced a typical skin lesion in the humn ^nhf fa " have pro- 
of canine origin. “ subject by inoculation irith a culture 

■•■ contents of the alimentaij- - 

tract of P. papatastt which had been fed on 
iesjons at least eight days previously and 
contained numerous leptomonas forms- 
from seventeen to thirty-three days later 
fl small papule developed at the site of 
' in a third of those inoculated, 

wnicn contained leishmaniae. Numerous 
attempts to transmit the infection by the 
^**f*D^ the flies proved unsuccessful Adler 
and Ber wme to the conclusion that in- 
# - , tensity of infection in the fly was not the 

r,. ,on f r ' important factor, but that the distal 

from siri'Smg mis ®!i pharynx must be infected 

numerous before the leptomonas forms were deposited 

K 0 d.es Leshman's Slam <j.ooo On the skin in the act of biting By feeding 
mixed uith i ,t . • Phkbotomus fapatasU with infected blood 

tTev foun?ri^^?rr°r them at 30^ C.. 

volunteerc /tf tlies became ready transmitters of the lesions to human 
T rp-idii^T possible of course that the strain of L. tropica used was 

act as the vcctOT^^'^ ^ ^ Other species of Phlebotomus flies may also 

^ Middle Asia (Russian Turkestan) have recently shown 

' drv ' 'inrf+h clinical types of lesion, also noted by others, the 

thpV. * (i e rapidly ulcerating), are due to distinct strains of 

*T 1 ^ this is that on experimental transmission, 

flit-*!,,, ^ nieans of cultures, the lesions remain of the same t}pe , 

nth ^f^unisation with the one form does not confer immunity to the 
er has been established also that the parasite of the moist type, "hich ■ 
is tiie prevalent one in desert country distncts, exists naturally in rodents, 
especia ^ gerbils , m these animals it produces a very chronic disease. 

-t hJebotomus flies (P papatastt and P cancastcus) which breed in the burrous 
o e rodents, transmit the infection — the former to man, the latter chiefly 
among the rodents 

In the South Amencan form of the disease, which is found especially in 
lorest areas, after the skm ulcers have appeared, typical lesions occur not 
uncommonly at a later date in the nasal and buccal mucous membranes, the 
so-called muco-cutaneous form , such cases are liable to develop a severe 
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rarlu’xii. It has Ixrn sujjtjcstttl lint this itimljlum «s <hjc to a 'p«iiV 
parasite, L. Do:;^ arc afleftr«l as well as man Phlelxijfumis 

Jhes ate prii!nl>ly the sectors 

Differentiation of the Leishman». TJie rh^e smuhiniiis «n the timr 
pho!i*Kv and effects of the Inslunanuc <!rscnl>e\l aNssc natiiralU rai-a: the 
•picstmn xsluthw vc arc not dealing wtli sarntits of one orcmism 
difirrrnct-s dejwnd mi differinrcs in the sinilciiec of different tv^x-s or on the 
•nsecjnihihij of different lioxts Tlic folhminc arc some of tltc facts Iwarm • 
on tins question Tlie Imhaii and Meilitcrranean diseases are appirrml\ 
identical climcalK. nllhouc^h the at;c incidence is ihfferrni Hut in certain 
parts of India Vala arar is « hirfis fournl in childri n below tlie aijc of liftcen 
while, on the oth*r hand, in ir^'injis where the ml.mtilr vanrtv ptesaiU 
caM-s f<rnr in \ouni; adults Th'- inij"*rtancc of suth lai tots .\s rari il <nv» p. 
tihthly is indicated bv the f.iet tint in Tunis it ischietiv thei hiMn n of Italian 
jnrrnt.ij;c wjio suffer Kah-arar and Ornntal s<ue arc ImV t<l b\ the o'l ur 
rente m tfiC ftirnit r from tune to time «»( shin nher*. althouijfi in tfiCNe unlike 
(he cas<' of Oriental siire. the |vira'ites are tlifTicull t'lfui't flntfu olh'-r»i If 
It IS of mqsirtaiin* tli.it casi-s of Orinilal sf»rc «lo rvit desrlop into k.iti .ir.n 
Iful m d'nr intx Illation witfi /. JiPKfr.jni max f.iusr shin lesions rrsembim.; 
tlniN*’ t.ausetlbx /. bo^'ic.i in man (< ammoj'ctrtesi Aitun Si<«'lle h)iinil th ii 
d'»ip. inlrt fetl with /. Ur>f'u.t apjir.arisl to base an inirr.is4s,l rrsistatv r to / 
ir/ae/ion The mcidenT of canine Icishminnsis m lommumiies where i 
humin mfertuin prev.iils saties in dillernit retjions r n exen in tl e Nfnfitei 
raiie.m littoral. tho'u;h it «' iisudlx common whtre / iti/j»jion is finu.d 
Hut d<o are exteiisixtlx inlet tesl tti ruthr.tan wlirrr the humin m iifrnir 
of tfie th'c ise IS anv'iu .nfults th* jtfttf'lctii of the rrl iti'eishqw ii| the Insf, 
maiai Ins Uxn inxestintetl l»\ s<-rt)lo.;ii.il tnetl,.«U lNo,;u fa Kh;;leT 
Aifl'T antf Thfssf'trl ft h.u l<efti (oimd that anti« ra t.M imeif from rah?>i(s 
I'X liije'lmc mtraxrii'ni'lx ttiUures «il tl e «iTi*imsjr.s j»tssi ss bdh arrluti'ni 
inf* and Ixlu .o tmu llie rrsnlts otaxinr*! I>x U e ijsii« >i* s^'h ‘or.! m 1. 
thit I t atilt / #»j*>.'ic«i»»i ate tcj* tniuns i>n 

tie ilh'l hind / J-etari and / tef|i»fnf»i .ite ind4Mm.;*ji'hxh'' Hu 
lh« ?e aj'je- Its to l«- 4 < rTl.lt‘1 altl «mt ‘d I’Tteip teie|i ,M .utvnf tl e « I'lonvs 
It « live Irr* 'is rr m t!.e 's,i l>|> nilai.eo-is il m kl) xiv rral li-rnr^ 1 , 
j? tt tii'ji ji . ntAn*-*' Is ! -mv «d leisl 'njonsis «* . nr t. vt|’ r? iKut ) li iv e 
j» 'v'd fe |.. j Jr ul f II ft lias IS duf (he « xn’»T.' e < ; sir a”.' ' ! hit* t:nr n 

wl.l tl ill"'! 1*1 situh’ r j;, t IlsVtr at'^US »? ssl^tlfr t! irs-il's lo » i ^ 
s )e stIJsn n f s's . ( S anr . S-.v tj 'I'rijts H-U t* r (m r, I» kj (f -rr 
I tr \ • J tf e ijo^j.-- 1* »% ( !i I'S . ? I* fl.'e I*. to Co’ 'hr* r. Il r SA- r ^ { 

at.il *!-' t! XI if e W Jij- ... O' s 1*1 a ifism r OS 't 4 J-ft »{ . { ic- r t' r 

Ofil'inii - st'e5t,4{ifrf***'.llesi.r'»|(.»t*'.-.i4'f..tsj«- s -.-r,. 
tl at •• e 5 t! e .‘.'r. r j-„- I*.*- ,, j,,.. . 
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since Immoi-rhagc from this organ is liable to occur ; liver-puncture h lev 
(langcrous, but the parasites are nobso readily found in this way • the juice 
of enlarged lymphatic glands should also be examined. A pedel’Z 
needle must be used (or obtaining the juice of organs, as traces of moitur’e 
The parasites may also be stained in 
5scopic demonstration of the para- 
be attempted by means of films 
....w .... . iu^. uucK euge should be examined speciaUy, since the 

parasites are usual!}' contained in the leucocytes U'hich accumulate at this 
part of the film. Another method consists in 'inoculating a number of tubes 
of Aovy and ^facNeal’s or Louric's medium each with several drops of blood 
from the [latient ; or in adding 2*5 c c. of blood aseptically to 10 c r citrate 
and salt solution (p. 801 ), sedimenting the corpuscles, and then by means of a 
pipette inoculating tubes of the medium with the sediment. The cultures 
should be kept at 22° to 2G° C. and examined after a few days, and there- 
after for two or three weeks. After specific treatment the demonstration 
of Icishmania: is much more difficult. Leucopenia and the absence of 
malarial parasites from the blood are also important features The comple- 
ment-fi.vation reaction has been obtained with the patient's senim and an ‘ 
antigen composed of suspensions of cultures or of heavily infected organs 
from oxpcrfmenfally inoculated animals. Allergic skin reactions with killed * 
cultures have also been described. Kapter’s ‘ Aldehyde reaction' consists 
in the addition of one drop of formalin to 1 c.c. of blood serum with thoroi^h 
mixing ; when tlic serum Is derived from a full}’ developed case of kab* 
azar the mi.vturc in a few minutes resembles boiled egg-white. This result, 
at least in a partial form, may. however, be obtained with semm from other 
conditions ; also in some cases the reaction may be negative. A sipilar 
reaction has been got with a pentavalent antimony compound as the reagent. 

A complement-fi.xation reaction with the serum in kala-azar and an antr^n 
derived from tubercle bacilli is stated to be highly specific (see Sen Gup ** 
Shortt, 1947). . . 

In cutaneous lesions the parasites are demonstrated m scrapings / 
the ulcers. But if there is also Kicterial infection, the Icvshmama* ' i 
be more readily found by puncturing the tissue near the margin o 
ulcer (Care must be taken not to mistake yeast-Iike organisms 
leishmania.* ) 
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This organism, which is believed to be a ptotoioon. occurs jn . j distnbution 
ing dogs, but especially in rodents and birds, and has a nide geoji P . (, 55 [,esi}js 

It has also been described rarely in diseases of man As seen in n . ^ ^ nucleus 

crescentic, but often I'lth one end motv rounded than the o ^ '-.sg^bles that of a 
\shich IS central or nearer to the rounded end The ® ^jgnjteblephJrf- 

leishmania but the size is greater, 4 to 6 p by 2 ^ 3 ft, and tn r Giaffl-negat*'* 

plast It IS nell stained by hematoxylin or by ® ur m masses 

In sections of tissues the parasites are more rounded ^ j,y 

and may resemble cysts Their mode of reproduction is beli i strain 

division In susceptible animals expenmentalinoci lationN'i feature especial"' 

death within a few days to some weeks Lesions of \ found m 

after intracerebral inoculation In man these , condition rPScmbliOB 

sufienng from a typhus-like disease Ij^rcnnKh 

infective mononucleosis {? v ) andmmlantsandyoingc jn ^^scera f 

encephalitis (, v ) P<at mclrn the ' ' ,v he made hy "'"“ftw 

natural mode of transmission is not knoun cejlnfoscd ,°!nal 

e-xamination of smears and sections of tissues , v ,u)dbeiiOcoIated,se 

cetebro-spinal fluid, as well as the sputum Alsi»,an 
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riKr ar.<i j-uir'-a aid tftiraj»n!'>ifa!h »«th a »xhjtr- 

»i'>n «i( «hi£h nu»t Iw <rr»’» Kfi'ur.*! In a H'-'rtar "jt an al-'inN c 

‘rtli-j'-rt frnu crrr If t) <pinal j’m.l TJ.*“ trail ami lj~c« a*- ! al^^i an< jxnt 'oral r \«.U’ 
t'f jn •‘utatnl animali t»* examinr-l |tr th" |«a*a*i1r« Tlir <'rcjni'“'» r'i> r 1 

hi?*i Mnilfnrt In th*" l.r«l |>a»v»^i*. tut thu mat tn incrM*^J t'j jutMcrt »;i Ifri'- 
animN <‘an- nu't !■* taken torniofe that ihrtiorV <•! ani~'a)« wv~il ij »-i n 1 1 at!> wr 
a litrnt t'lxrtjita-i'na inJ/xtion. ut.uh r>t\ I"* actnatnl in lhi» TKe «rf nil 

trita.n lianan ca»r^ c*intaiR» afitit*»l\ Kh i»t rn a Jdeil *'» It.'- I'^t rruUil 

tJi.- al |MOint:rni. ac tie"! «■( thr l*llet i»n inlrimtane-oy* n in fit ’nt* s.»’’ini 



CHAPTER XXXVII 

CHEMOTHERAPY 


A CHEMOTHERAPEUTIC agent IS a substance of defined chemical con- 
stitution which conduces to the cure of an infection by assisting the hodym 
overcoming the causal organism— tonics which support the physiological 
mnctions of vital organs are, of couree, not considered under this head 
The oldest known chemotherapeutic agents are those which act in protozoal 
and spirochastal infections— quinine in malaria, mercurj' in s}’phihs, and 
ipecacuanha in amcebic dysentery. Only comparatively recently, from the 
stimulus of Ehrlich’s work, has there been a systematic search for such drugs, 
the first synthetic compound being trypan-red (Ehrlich and Shiga), a single 
dose of which, when given to mice, cures a fatal infection with T. eguinum, 
the trypanosome of a disease of horses in S. America. The first compound 
shown to act on a systemic bacterial infection was optoquine (an analogue of 
quinine), with which Morgenroth cured pneumococcus infection in rpice. 
A number of drugs have now been found which act on various infections 
In the quest for chemotherapeutic agents renewed attention has recently 
been directed to earlier obser\'ations that in mixed cultures certain orgamsfns 
inhibit the growth of others and may lyse them. This property of B. Pyy 
cyanetis has been long known ; and it was observed by Gratia and Dath that 
a penicilUum and a streptothrix also acted si/niJarJy The biological formation 
of various chemical products of defined constitution has been determineO. 
e.g pentctllm, which is a mixture of several analogues, from a culture of 
Penictlituvi notatum, discovered by Fleming, and sfrepiomyctn, TccoNcreo 
from growths of Actinomyces gnseus by Schatz, Bugie and Uatsmaft 
Penicillin was the first outstanding compound of this class V 

powerful action tn vivo on certain Gram-piositive pathogenic * i 

as the staphyiococcus, associated with extremely’ low* toxicity 
(Chain and Florey), Streptomycin too combines marked 
activity with low toxicity , it acts also on Gram-negative baciw, r S- • f • 
and on the tubercle bacillus. Aerosponn, a 
aerosporus (S polymyxa), a sporing bacillus found in air and sou. a 
bactericidal properties which are selective for Gram-nega ne 
(Browmlee and Bushby) A large number of such compou ? 
known which are produced by living organisms, 31 ). 

synthesised m the laboratory’ , they are spoken of as anti i ^ 

In some cases it has been found that enzymes are for fvawp’f- 

vital activities of other organisms, but need nt-^ actM -oil bacillus 

Dubos and Avery obtained from the growth of an .1?,. ransule d 

an enzyme which decomposed spcafic^ly the „,.re depnved af 

pneumococci On the addition of the enzyme thwe org . anJ 

virulence, which depends on the aggressive action ot njon,a due to tvpc <* 

mg the enzjTne intravenously into monhej-s .. ^i) 

pneumococci a marked curative action was produced t ^ 

Difficulties attending chemotherapeutic ^ 

side are that the action of any given compourid is j >fr> 

ticular organism or to a small group of related o^ga , cJicmita^ 

few general relationships have so far been discov 
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stitution and therapeutic action On the biological side certain principles of 
wide application have been established. Experimental results will be chiefly 
considered here, clinical applications being only touched upon General 
methods of investigation will be discussed first, then the biological phenomena 
of the host-drug-parasite interaction and the mode of action of drugs on 
organisms. Lastly, the different classes of infective agents will be dealt 
wth. 


Methods of Chemotherapeutic Invest^ation 

’Experimental infections. The general procedure wnth any pathogenic 
agent is first to find a host which shows a fairly uniform behaviour when 
infected Small animals are preferable to start with on account of economy 
and convenience in handling the large numbers required. In the case of 
organisms which produce a general infection, the inoculum is selected of 
sufficient amount and virulence to cause a fatal septiciemia m untreated 
animals \Vhere the infection tends to run a chronic course or to become 


tained organisms are studied or the influence on the animal's general condi- 
tion caused by the production and absorption of toxins 

£sfi»ifl/iort of toxicity of drugs The toxicity of the drug must be ascer- 
tained for normal animals m respect both of the route of administration (c g. 
subcutaneous, intravenous, iniracardiac, intrapentoneal or oral) and the 
number and spacing of the doses Watch should be kept for both local and 
general pathological effects due to poisonous actions of tlie drug, and the 
possibility of cumulative effects and of late or chronic lesions should be borne 
in mind 

Therapeutic action. After the toxicity of the drug has been ascertained, 
therapeutic effects in infected animals may then be investigated At the 
same time a sufficient number of similarly inoculated animals should be left 
untreated to serve as controls A drug can be examined for curative action 
by beginning administration after inoculation, or for prophylactic effects 
by reversing this order The most effective time for commencing treatment 
sliould be ascertained, as this may vary according both to the infection and 
the drug Treated animals should be observed for a long time and the blood 
and tissues should be examined for the pathogenic organisms, since treat- 
ment. although failing to eflect stenlisation, may convert a rapidly fatal 
infection into a chrome or latent condition The efficacj of a drug mav be 
represented bj’ the ratio of the maximum dose tolerated to the smallest dose 
which produces cure of the infection under the same conditions of administra- 
tion. etc. This IS spoken of as the * therapeutic index ’ Accordingly, the 
tOMcity of the drug for the host is alwa>'s the limiting factor for a chemo- 
therapeutic agent Excessive doses may, by poisoning the host, favour the 
infection (' contrary effect ') 

Action of the drug on the organisms in vitro should also be examined, 
but It must be remembered that a powerful lethal effect in the test-tube need 
not be accompanied b> similar actmtx in vivo , this la well shown in the case 
of /lor recurrentts and methylene blue On the other hand, comjwunds may 
apjwar to ha\e relatively little action on the parasites in the test-tube and 
yet be cfTicicnt chomotlicrapeutic agents There mav be several reasons 
for this either the drug may be converted into an active derivative i« vivo 
or It max render the p.-irasitCb more vulnerable to the natural tissue defences. 
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although not directly killed by the drug Among the organic trypanocidal 
arsenicals tlie pentavalent arsomcadd?, e.g. tryparsamide, and the tn\-a(en{ 
arsenobenzols, e.g. saR’arsan, are both believed to become converted hi tho 
mto the corresponding arsenoxides. which represent an intermediate phase 
to which the former is reduced and the latter oxidised. The basis for thU 
view IS that the arsenoxides are more actively trypanocidal in vitro than the 
corresponding compounds of the other two elasses. Prugs like trypan-red 
and suramin are at most only weakly or slowly lethal in vttro for the trypano- 
somes wliicli tlie}' influence ttt vivo, and they do not appear to undergo change 
irito more active derivatives m the body. Their possible mode of action b 
discussed later Prontosil (Domagk) is decomposed in the body uith the 
liberation of sulphanilamide (Trefoucl c/ a/.), which itself is only slightly 
bacteriostatic j« vitro, e.g. for streptococci. According to Burton, iHcheod, and 
their associates, it may be the corresponding oxidation product, the hj'droxyl- 
amino derivative, wJiich is effective in vivo. Again, in the case of penicillin 
there is a powerful direct action on susceptible organisms both in nrroand 
in the living animal. Thus, certain species of organisms are readily killed bv 
penicillin while they’ arc actively growing, although in the resting state they 
are insensitive ‘ persisters ' (Bigger). 

Condiltons for general action Where a drug is required to reach the 
organisms by way of the blood or lymph streams it may fail in the body 
though active tn vtlro. Thus, certain tissues may fi.x or destroy h and so leave 
too low a concentration free to act on the parasites Again, either absorption, 
say from the subcutaneous (issue, may be too slow or excretion of the drug 
may be too rapid for effective action on the infecting organisms The rate ol 
excretion of a water-soluble compound may be sloived down by injecting it 
into the tissue as an emulsion in an oily vehicle, which produces a * 
Of course, where a drug is excreted through a particular channel, t g. by the 
kidneys or liver, it is possible to concentrate its action on the orpns oi m 
excretory system concerned Similar]}', when attempting to treat mlec 
of the central nervous system by systemic administration it is essential 
the drug should pass from the capillaries into (he nervous tissue 

Conditions for local action With substances which 
body’, but which tend to be fixed by the tissues, the effects ‘ _ 

vttro are most likely to correspond closely if the drug can be g ^ 
intimate contact with the infecting organisms in a par ic - 

‘ surface antiseptics ' applied to infected wounds- Even 
the tissues and the proteins of serous e.xudates or pus in a g 
and so diverting it from the organisms has to be consiclere 

Biological Phenomena of the Host-Dfug-Parasite Inieracti 

Theoretically’ a chemotherapeutic agent might to the para- 

either by stimulating its defences or by rendering ^ “ oroduced by the 

sites But in most cases the evidence shows a ‘ ^ 5uch as wight 

drug on the parasites . complete destruction ^^^ernal antisepsis, as it 

-X v..r .. .TOMTiirirte acting Vitro ^ njechanisras oi 

imagedbythe 

. ’ troyed. act as 

often conduces 
rapeutic 

to the cure. Accordingly, it is mrasite anonost; anf 

depends on various factors on the part both of p or 

both are living agents, they may undergo ch g 
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sterilisation WTiere the process of sterilisation takes place gradually or is 
incomplete an analysis of the factors is to some extent possible Several 
striking biological phenomena have been brought to light — acquired drug- 
resistance, serological resistance (serum-fast or relapse strains), therapeutic 
potentation and interference, defence and immunity mechanisms An under- 
standing of those phenomena, which were elucidated practically in the above 
order, is required for a discussion of the mode of action of chemotherapeutic 
agents 

Acquired Drug-Resistance and other Factors in the Parasite which 
modify Sensitiveness to a Therapeutic Agent 

It might he expected that apart altogether from previous contact with 
drugs, different strains of the same species of parasite would show marked 
differences m their susceptibihty to chemotherapeutic agents It is not 
known whether this has the same basis as acquired resistance {vtde iti/ra) 
Thus infections with some strains of Dor recurrent^ are readilj cured by 
salvarsan drugs, while others do not respond In the case of T bmcei m 
mice, it has been found that a strain when recently passed to this species of 
host was less sensitive to chemotherapeutic agents than after repeated 
passages, when it had increased m virulence (Browning and Gulbransen) 

Acquired drug-resistance {' dnig-fastncss ‘) was discovered m the, case of 
Trypanosoma hrncet infection in mice by Franke and Roehl A drug fast 
strain may be produced as follows Animals are inoculated and then treated 
with a dose of the drug which does not lead to complete sterilisation of the 
infection , although tlic parasites disappear from the blood for a time, a 
relapse occurs The relapse may again be susceptible to treatment with the 
same drug, but anotlicr relapse follows After repeated relapses treated in 
this way there may finally be no response to the largest dose of the drug 
Now, when the parasites are inoculated into a fresh animal the infection 
which develops also fails to be influenced bv the drug Surh dnig-fastness 
may persist unaltered when the infection is afterwards passed for long periods 
through untreated animals Thus, some change has occurred m the parasites 
themselves As wall be seen later, the parasites from a relapse are serologically 
different from those which constitute the original infection , drug-fastness 
withtnit serological change in the trypanosomes may be produced as follows 
\nimals are inoculated and then treated with a dose of the drug too small to 
influence the course of the infection From these the trypanosomes are passed 
to fresh animals whicfi are treated similarly U is found that as the number 
of passages progresses, the dose of the drug which mav be given without 
obviously influencing the multiplication of tlie trypanosomes, increases until 
the largest tolerated dose is without llicrajicutic effect Thus finally a large 
multiple of the original curative dose of a highly effective dnig mav fail to 
delay the course of the infection Another pnicedure consists in subjecting 
the organisms to contact with the drug i« vitro between successive animal pas- 
sages Clinicallv the conditions conducive to the production of drug fast 
organisms mav be creatotl whenever treatment short of producing complete 
sterilisation has been earned out over a period, or, as has been seen above, 
where a scries of relapses has been trcatctl with the same drug Some com- 
pounds arc more prone to prcnlucc dnig-rcsistant paYasite-. than others 
\gam. while in some cases resistance maj be shown onh towards the com- 
jinund which developed it and to others chemicallv closclj related, on the 
other hand resistance mav also lx* manifested towards drugs of widcU 
different chemical corstitntion It must be einphasi-cd however, that the 
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development of drug-resistance is not the inevitable result of such procedure 
The parasites may be destroyed ultimately after repeated relapses, each 
treated by the same dose of the drag as failed to sterilise the infection 
originally (Broiraing and Gulhransen : Calver). In the malaria group ate 
drug-resistance has been found ; thus P. hmlcsi in monkeys treated mih 
pamaquin readily develops resistance, which is fairly stable (Fulton and 
^tttiilarly, P. gallinaceum acquires resistance to paludrine (see 
uilhamson and Lourie). 

The question ol maintenance of virulence requires to be considered m 
relation to drug-fastness, since the danger has to be considered of produatig 
organisms wfiich, while highly pathogenic, are no longer capable of being 
influenced by chemotherapeuticagents In the examples quoted drug-fastness 
has been acqufred by parasites which retained their full %'inilence^ By sub- 
jecting cultures of bacteria to increasing concentrations of an antiseptic 
vtlro it is possible to produce resistant strains ; however, in the process the 
organisms frequently lose their original virulence. On the other hand, fullj 
virulent strains of pneumococci resistant to the sulphonamide drugs hate 
been developed and also meningococci resistant to streptomycin. 


It remains undecided whether drug-fastness may be acquired by parasites 
which originally were sensitive or whether it merely represents a natural 
variation undergone by a few individuals in a population of organisms. 
In the latter case, the resistant ‘ mutants ' which at first vere present in 
very small proportions, will become predominant when the sensitne o^an* 
isms are eliminated by the therapeutic agent (see Ale.xander and Leidy). . 


Serological Resistance (Seram-fast or Relapse Strains) 

Ehrlich and his associates first discovered in the case of T. bruai that 
when infected mice were treated so that the parasites disappeared ' 

from their blood, but a relapse occurred, these relapse parasites , 
logically different from the original strain • This was .f.. 

infecting fresh mice with the relapse parasites and producing ster is 
any effective drug The cured animals were then reinoculate , .. . 

the original strain and some with the relapse strain There was i . ^ 

the latter (as shown by development of the infection only alter p 
incubation penod, this protective power depending original 

serum), but not to the former. Similarly, animals infecte etrainr lu 
strain and then cured were immune to it, but not to the 
the same way, w’hen mice which had been infected with as . 
somes and cured were reinoculatcd with the same strain, P strain A 
afterwards appeared in the blood had the characters o brought into 

relapse strain may also be produced when the on^nai s ,vhich has been 
contact for a short time ifi vitro with the serum of an insufficient to 

infected with it and then cured, provided that the serum 

kill the parasites ; the treated tr>T»nosomes are of com- 

and used to infect a normal mouse By repeated obtained 

plete cure, parasites from a senes of successive re p i dbtmct 

These are found to consist of a considerable num e , ^5 rabbits- 

strains. Similar results are obsen'ed m the . purse. Thuswh^ 

in which the infection sponlaneoudy pursues a re tbe case of a 

a relapse occurs the parasites acquire different anrigei 
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struiti o( T. coti^olfnsi wliicli nithout treatment |nin>ues a rel.1p-.1n5 tourv? tn 
mice, the events are different — while the relapse p.ira->itci acquire new anti- 
Rens, tlicy do not lose the old ones AtcordinRlj . an animal wlncli ha-. Iwen 
ctmtl i)i infection with a rclap-e strain and has thcrehN acqmri*d unmuniti 
to this, is also immune to the original strain hut of course the cons erse doc-s 
not hold (Calvcr). ?o far as is known, the scr0I051c.1l modification-, cliaracter- 
i'tic of rcl.ijvio strains are confined to trsivniosomcs and to sjurocli ttes of the 
relipsini; fescr group 

Chemotherapeutic Potentation and Interference 

Two clicmotlicrajKUtic agents, which d.itnagc the p.ir.i'»itt‘> tliroueh 
(hlferent incchani-ms. imcht bt* c\}>ectctl to J'>M the tlier.il’cuti. .ifiton of 
e.ich other, so that administration to,;ether of li*x* tlian Ii.ilf tlie curatiw 
<lov of each, would hnng alxmt cun- riu-n* is c\ idfiicr ih.ii sometimes this 
cn< urs ; hut the examples of poti'nt.itic>n which liive Inxn ihscovered so f.ir 
are not on a marked scale On the other h.iiid. clienuithcraiH-iiiic interfiTcm e 
has In-cn very stnkmglj excmplilied in tlie c.is<* Ixitli of trvpnnosomi*s .md 
li.irteri.i. It was ongin.ilh -.hnun hv Itrowning and (mlhranscn with I 
f-nien that a chemother.i(vtmc drug when given in a non-curalive dew 
might prevrnt the .ictmn of one of different chemn.il ronsliiiitioii .nlmmis- 
t( nd sfiortlv afterwards in .1 ilosc winch otherwise would have mlhicnatl the 
infection The hUhhcKxl of anv dirc-ct plivsic-d or fhemic.il .nclion ll>•twe^n 
the two ritm|>ounds was practir.ilK excluded Tlie }>!» noiiien<in is mu urn* 
meteil with acquired (lrug-r«*sist.ince Selhie Insing his exjvnmentx on 
Woods' obseTv.ntioiis iii ti/r<», then tlcmonstratnl a smnlir intcrfcrm-e 
phenomenon in mice iii<Kiilate<l with vimlent strej'i''>»»ii .iml irc.itol with 
siilplioiumide drugs, the adimmstr.itnm of /•-ammo lirnroic and to tlie 
.inim.ds preventing tlief.i|xnitK .isli<m Other ex-iinjOes «d interference hive 
Ikx'II reronlfd Tlie efiei t of the .•nl.igoiiiscr . as il h.is Ux-n termeil, his 
iKX'n aitrihuled to its King ii«irni.illv an e-'*ntnl mrt.ilmlite for the organ 
isin which the < tn mothfr.ii»*uti< .igent tends to rimler iinivaihMe liv 
mint ruling wuh ilie *.ime cn/vine mei hinisin triKle-.) Ihi' is supposes! to 
«-n:r III viftm of stnnturaf sinuluitv in the «hemi'.d sen-e t^iwrtn Itie 
lO'l.ds-lili (.lilt u'onwT) .»nd th" drug 1 hus the < l.emiUtiCMi'euti agent 
lr\ l>|'« f ni., the .I'siintl ilion of a f<*.>l-iuff retture.] i>\ tti'* In- ten 1 woull 
lenl IS ii tt«fe tn 8i.i(\iiinn of t! •- litier '-tr.iins rmlensl dnig f.is! h\ 
eT'rnlli 111 tl»- insrnii .f S’llj h.-mnn !es l.ivr slUnl tn .lejtlUl |S 

ni't.fi IS u-sciitv tt.«- .tmnsini •>! p n l pirTut in tt'- 

s-io rj ii'it'- s'r on Tt IS f x{ ! »n.iti "i t.’n tnu*tv d's-s n>'! Jpplv n tl r . jv- 
<1 . I'Miinjl .-f Ijw^UlJ of tlVpl' .<1141 4i'-T!ts d-s-n'icrt 

fl IS til It »- fUti Is 1 < ;i s III i-:s n-. I in.r-j. 

Tlie n61r o! Uie Natural Drtfnce* acd ol Acguiml Innumtr 
la Clirmothfrar^tic Art»&n 

fi } 4s - 2 ; '.-’I !? Il tJ »■« •fativrr*'" t . f 4 i.-.-i 

f'r nj. -iih .5'}» ; 1» • 'j t' .• « s<.j.-»4ti n rl tJ/^ » ’*1 i • » s • « • 

j • . r n , 4 . I ’ J, . -.1 ' « c f s? <- J.IT»»s*r» t-'r* V • - 1 I.' J't t* r I' r 

.lit.' ’r "T <1 -IS,-. {' r esj V' e J» a*{ » I- ! 1 1 l’ - . ' vivj*. -i j‘ .1 j 

f T .1 MM.'.' ? 1 ',•'4' . - S eg ’si. .1 «oh 4 . * . '2 i. 
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administered before inocuJation of mice Mith trypanosomes may not prevent 
the latter from multiplying initially and appearing in considerable numbers 
m the blood, and yet this may be followed by their disappearance and 
permanent cure of the infection. Similarly, under treatment with dru-^of 
the sulphonamide group, mice infected uith highly virulent streptococciW 
show a prolonged, symptomlcss infection, the organisms in the blood becom- 
ing non-Mrulent for fresh animals, and the infection finally being sterilised 
after several weeks, presumably by the tissue defences (Browningand Lecloe) 
Of course, where the organisms reach considerable numbers in the body, 
conditions are lavouraWe lor the development of immunity'. In infections, 
such as that with T. congoleme in mice, cure by drugs is less readilv effected at 
an early stage when parasites are scanty than Jater when they have become 
abundant, riiis points to the part played by the immunity reaction in 
bringing about stcniisaltion. On the other hand, with trypanosomes of the 
T. britcet group the opposite holds, cure occurring more readily at an early 
stage of the disease than later. But with these parasites also, immunity r^ 
actions may play an important part in effecting cure, as was shown by 
Schnitxer and Silberstem. They inoculated mice uith a strain of T bnten 
suscepti bic to an arsenical dnig, and this was followed one or t« o days later by 
inoculation with a derived strain which had been rendered resistant to the 
arsenical, but was serologically identical with the original strain. When 
parasites were abundant in the blood the arsenical compound was adminis- 
tered in a dose sufficient to sterilise tlic infection with the sensitive trypano- 
somes , as a result complete stenlisation was effected.. This is bcareelv 
explicable e.vcept on the basis of an immunity.' reaction to the trypanosonves 
of the sensitive strain destroyed under the influence of the arsenical, {« 
destruction of the drug-fast trypanosomes then being brought about by the 
antibodies so produced Tr palluittm is an outstanding c.\ample of an organ- 
ism which causes infection that is more readily influenced at the early stage* 
lMv«.ldap '-'"'''“P 

in the host 


The Mode of Action of Chemotherapeutic Agents 

It is obvious that an effective chemotherapeutic agent in 
employed must have a selective action m damaging the meta oi 
parasites without seriously poisoning the tissues of the os _ 

summed up the properties which such drugs should , , chemical 

that chemotherapeutic action depends on the drug being ' i and that 
structures of the susceptible parasites, which he called ! neater 

the affinity of the drug for these receptors (parasitotropism) . 
than Its affinity for the tissues of the host ^ ^^5 

chemotherapeutic agents differ in their be)- of life. 

phenol, which are protoplasm poisons inim' it o t.-jj chemo- 

known regarding the nature of the actw mec finding that a 

therapeutic agents damage the parasites, f of the parasites 

drug interferes with one or other of the t-uzyine action on the 

J rio.-flCC'irilv mean that this is th<- essential [.j^nociaal 

irued sensitive '» 
.derecl fast to !>= 

It, but IS not absorbed by the stiaiii info the interior ottue 

drug But this does not prove that the dye mus damage 

trypanosomes before it can injure them “ ^ j , protoplasm to the dy 
takes place at the surface and that permeability of the p 
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H a rr-iiU. In xIk- c-inc of aw tn il .n;i niv it i> p.osihl.' t1i it iho 

xs-rntial mwh.inivm is thr ol Oir arMnu'.nt (or siiljitiviltvl in 

the tr^^»a!l wlm^^ : m nthi-r wfinK. aN vui:t.'o.ip.l In P.lnlii ti .in<l \’ii<\ilin •/ 
aJ . the ->H iTf’np ron'titntps tin ri\Tpli»r. Kifn; aii*l ''ti.tnt;i'\i.i\H )i i\i* 
shown tliat the jinnurt* a('ti(»n <»n the ]»tr.tMtr^ pri’^Jiurtl li\ tin .ii'''iii< .il 

lini^s nnv tahe plire in three tliilennt wat-s aieorihni:; to tli<ir ili'ini' il 

ci-'riNtitution, i j.-. (It i»v lon-^ aitm;: in a waXerv ineiliiitn, e c Ihe tiriiti.il 
''-xhiim ‘•ilts of rarl»oW}»hfn\J arvnovuto , (2) In loinjviiiniK without 
liyiiri'j'hih apitt from the .ir>.t noviile croup, r i: pin n\! .wm ihim.I.-. 

which arc proluliU t iVen np at a hj^'nl-watef inltrlare witli tlie phen\ I prinip 
in the lii>‘>ul anil the arsrnfiv5<le f:r««ip in the wnittr — since .i l.irc' (irMp«>rtH)ii 
of the irs’pino'ome ImJv conNist*. of h|v«iU, coinlutons are f.ivonrahl'’ for 
tliN means of transport of the drnc withm the iMravitfs . (.T) hy tlio'O Ooni- 
pounds thit arc fi\nl bv the ‘.tme Ix'i'i* of sttiu tiircs in the tr\ piniiso-nr i * 11 
as fix tr>Tsin'>adil cites of ihc .imthne and ow/me croups, e ^ p-.xet t.inilide 
arsenoxnlf. The second cro'Jp is th'- most .nttxdt letlnl for the tr\pino. 
somcs in iWro and the first jv tl« leist |"»tent ''trains of tryp itio'om* ^ 
which have Ixrn rcndi-red dme-ftst toj otni»'Hmd>of the third 
more resistant th m the norm d strain to mnnluTs of the oilier two cioiij.s 
a finding wliich is in favour o( the mo ol .i. tioii of ilie third cto ip 1'- lo j 
distinct 

As rciranls the mixle of action of j«m<iUin on tlrnm-pi'Uit' >■(... 
recent work of Gale and Tatlot mu;'* '!’» tl‘»i *lie dnic atfi>cts tin «• II v 
of the ortranisni' dunni; crowih in mo b •« "av tliat assimilation of ftyi 'm.i 
acid Is prevented, aivl jkosiI»Jv «ith*-r imtnents for the or^Mni'tiis o'*v I. 
similarly interfertil wuli On tlw oilui hind. snli>hatlnarol'', whd. t < 

P'oventim; the entrance of i^hit.iinu and into the bactend 'dl 

feres vvilli its cond* n'tiioti into p«ptide timitem) fonn m riowoi.' .<ii 

It has already Ikch intnlinim! lti«l iIh aiiwm of sulphormri'd* 

bacteria is antai'onw'd bv /* .unino Ik n/ou aiid taUhouuh lint* >> 
tions, r.i;. p-ammo iivtliv I 1 “ nrvl '‘dplioinmnle or marfanll) At i n i, 
been shown that tins .iml (' an «*NM-nnd inetalK>lite for l ,.ui 

Accofdini^ly, the \H'V his In'en expiessisl that m stanhio;' f « tii. i, 
agents attention should Iv dinstol esjvidK to i i. i| 

chtmical constitution revtnble («kk| sintls ot the orjtani'nn • ru , .| , 

supra) On the lusis nl the .»m.ieomsm tviween imiHovK o.ii,. i . 

Krowtli-promotme etl» < I ol sdts «*l jvmtothenK and for | 

Mcllwam ami Hawkin,; ptrdi.nsl the vhcmoilierai»njH. , , 

taunne m streptiHo.. d mUMions Un> "as * *' *' ’* 

mice, the panlothenu a.id*outcnt ol the tis>u«of lie' J • i . 
to preveni the thera,vi.tu ethst However, the o' 

tion as a gmde to prejurm,- new ctn>mx clwinotl,. nn- -o , 

'’''a°rt™rcom,x».,..l. »l.ich ..n. .-J»mulhera,pJ 

at ra<„t o„lv a acak or .lo« letlnl acuor. on 'll- | . . 

I lira, while at the same tunc there is no • rnw o, 

change into more active denvatr.es m tli- lerlyit 1 

amUuromin (Baver-SOi) arc evarnple. 'l" '"" • 

ca..., that m ihe preivtnee of tte I’ ' 

infecting organisms is unalile to i. * - * 1 11 * i 

cvcnluilh dcstroseJ hr til- i.itoral • - "•< 

■1),. cl,-matl.-ra,e-oll-. a.-oil. y lot I o yo r 

Of cr, toxins. A'x//r'hTi;'K'. »h‘> , .«=• 
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atenf''' Thors'.)* "»= "i"-? 

alone. Tins is well slioiin with penicillin or drugs of the sulphoramit 
groiij) m e.-ipcrimcnlal staphylococcus infection (P. Browning nnlcahcrj. 

CHEMOTHERAPy IN HELATION TO PARTICULAR INFECTIVE AGENTS 
Trypanosomes ‘ 

Owing to tiicir rehthvfy brge size and structural differeatiation trjpano- 
somes lend themselves sjKciaUy to detailed study, and they were the first 
in/crtivc agents to yield high)}* 5jiceess/id results There are ^o^v drugs 
belonging to «i considerable number of clicmical classes which can influence or 
cure tryjwnosoniiasis, espcciallj' in small animals expen'mentaWy wocuhted 
The following are among those effective against the T. hrucct. group- 
nrsenicaJs, c5()cchi)l3* certain trivalcnt aromatic organic denv.ith'eslsalvarssn, 
drscnophcnylglv'cine, mapliarside) ; pcntavalenl organic arsenicals (ato\)l, 
tryparsanude) , eampouiuh of antimony and of bismuth, bisazo d}e> 
(trypan-red. trj’pan-blue) . suramin (also called Bayer- 205 ,germanin,etc.— 
related to the {mevious group, bat not a d^e) ; the diamtncf'acridsmum d>e 
trvpaflavm (acridaviue) ; styryl quinoline dv'cs (styryl'314) ; triphentV 
methane <Jvcs (parafuchsm, tryfiarosan); <h’auuVf/M*e com/winds (sblham 
dine, etc ) Owing to its slow excretion from the body suramin has a prophy 
liU tic action extending over many necks. In man infection mth T. fhodm 
ensf. es^KJcjaUv in the early stage, responds well to suramin, while T.gambt- 
e/tsc IS also susceptible to acionjeafs. eg. salx-arsan or tr)'parsam]de. When 
the central nervous st'stem li.is become infected tryparsamide is of greatest 
use owing to its {lassing into the ccrcbro-.spina} Hohl Suramin has ^o\ea 
valuable, too, in vanous animal trypanosomiases, r f. in camels in the Sudan 
Potentatfon with drugs of two different chemical tyj>es. as well as chemo- 
thcraiicutic interference, arc met with in the case of the T. bnicti 
T ro„go/»,r,;,ll< ■ ^ j 

drugf. but arc . 

dosage, f i'-di 


-‘IlilUltUll mu........ 

T’aJue in cattle. T . cruzt so 


com- 

nd the 
far responds 


bv Bayer-Tt . , . > 

diiiiuin dnigs {f g 3'Cnrbcthoxy,muno 9'/»-c.\rocuiovwuim>^ t j 

metlnl phcnanthridinium chloride), which do not act on 
cofigolensc except in the highest doses nroloneed non- 

Acquircd drug-resistance fends to be ^ truce! group- 

sterilising treatment in the case of try'panosomes oi t ' drug- 

On the other liand, it .appears to be difficult to rem er . .rmanosomes 
fast in mice Acquired drug-resistance is retained b\ me 
after cyclical development in the insect host. 

Spirochtetes , , 

• »- is 

Tr. pallidum The anlisyphiM'' property of “rroem p„. 
weak and bismuth has largely replaced that roe e discovered tte 

cceding on the analogy of the actimi im S^i w arsenical 

powerful therapeutic property of f ® tofection >" ratj>»‘=' ne 

(and its analogues) in expcninetital ^ the disease Th 

subsequently’ its use in man revolutionised t 
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corrcspfjndmq ar«no\ttlc (rnaplinrsiclc) i> also effective. Penicillin 

has a pow crful and rapid action on infection with Tr. palUdum. The subject 
of antKvphilitic tre;itmcnt is one of great complexity and cannot be gone 
into here. Bi'miith, arsenicaU, and penicillin are effective m yaws. The 
svphilis spirochate does not seem to acquire a high degree of drug-resistance. 

Rehpun" fr.-er spirochtriff Although salvarsan is highly effective with 
manyslrains of the rchpsing fever spirocliate, certain are resi'tant Penicillin 
acts on ISor rtcurreniti infection (Lounc and Coffier) 

Spirochaioiii of lirJ\ is very suvrcptibic to arsenicals 
Sp. mir.us infection (rat-bile fe\cf) affords a sinking example of a condi- 
tion which is more susceptible to the siNarsan drugs in man than in small 
animals. Tin’s organism is al-o sensitne to penicillin 

Leptospira infections are not n*adi1\ influenced by anv of the known 
anti>pirixha;tal drugs except jwnicilhn (sec Larv^n et al. . Petersen ei al ). 

Halarifl Parasites 

• Quinine and certain of its analogues, as well as mcthvlenc blue and the 
sah-arsan group, all more or Ie>3 cfiectixcK" ‘ suppress ' nulanal infections 
since continuetl administration leads to reduction m the number of parasites 
in the blood and disappearance of s\Ttiptom.v In addition new highlv efftt.- 
tiie antimalanals haw been ih-covcrcdasa result of experimental investiga- 
tions clueny on analogous mh'Ctions in birds — pamaquin {or plasmoqmn-*-* 
ijiimohnc derivative), mepaenne (or atebnn — ^an acndine dcnvalne) and 
paliidnne (a phenyl biguanule compound) Undecane diamidme also has 
therapeutic action on P tnar infections It must be remembered that a drug 
does not necessarily affect in parallel fashion the different animal and human 
malanal parasites (see Curd) Thus sulphonamnlc compounds act on \ anous 
animal malarias, eg Hhesus monkei's arc readily cured of the ver>* nruleni 
infection with P knoulesi. and P falciparum is influenced, but there is onh 
a relatively weak effect on the other human malanas or on the mild infection 
with P tnoui tn monkevs Mepamne. like quinine, acts on all the human 
parasites m the phases of their asexual cxcle, thus it is ven,- effcctue m sup- 
pressing the signs of infection m man It also acts on the benign tertian 
and quartan gametocytes, but not on the crescents Pamaquin on the 
other hand is active against the crescents of P falciparum and the cameto- 
cjtes of P. iifut and P malartcg, and it has a moderate effect on the asexual 
cx'cle of the two laller, bm not on that of P falcipanim The damage 
inflicted by this drug on the crescents presents transmission of P falciparum 
infection to the mowjuito Neither quinine nor mepaenne has a prophy- 
lactic action when administered shortly before and for a few days after 
the bite of the infected mosquito . similarly neither drug influences the 
exoery throcytic stages of the parasites as determmed in experimental mfec- 
tions wnth certain species of bird mabna. Accordingly, although infection is 
suppressed, they do not act as ‘ causal prophxbctics ' Pamaquin has this 
prophi lactic propert\ and it is wry pronounced m the case of paludnne 
which destroys the exoerythrocytic forms and so may be regarded as a true 
causal prophvlaciic No compound so far discovered destroys the sporo- 
zoites The above results with the s-anous drugs have been confirmed for 
human mafana m volunteers (Fairfej, p 656) Probab/y also none effects 
complete sterihsation of P. max , when administration is disconlmued 
an attack of malana develops after a btent penod which may extend to 
months Fmally, stenhsation seems to be brought about by the tissue 
defences In the treatment of malana it is important to estimate the 
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concentration of the drug in the patient’s blood as a guide to dosaae r , of 
mepacnne mnng to the individual variations in absorption and oter/acte 
on which the Wood level depends (xe Reid), There is e.vpenmental eiidence 

mabilrSr 

' Other Protozoa 

Lehhmamm The visceral type of disease responds well to chemothera- 
peutic agents, but the muco-cutancous form is refractory. Both antimonials 
especially pentavalenl organic compounds, since they are less tovic than 
fnvalent antimony, and the diamidines (stilbamijine and pentamidine of 
Lourie and Yorke) act on leishmanim. Goodwin has shown that in inoculated 
Synan hamsters (Criutus auratus), by measuring the ratio of the mirabcr of 
parasites to the number of nuclei in imprint preparations from the freshly nit 
surface of the spleen a fair estimate of the degree of infection can be obtained 
Thus a reliable method is provided for comparing the therapeutic action of 
different drugs 

Pxroplasms. Xuttall and Had^ven on'ginalJy pointed out the chemothera- 
peutic action of trypan-blue on Babesta cams Acriflavine ako acts' on some 
babesia infections. Certain of the amidxnes (propamidine, pentamidine) are 
higfily eflfectix’c against diseases caused b}* babesi® in various domestic 
animals (Lourie and Yorke), but not against Tbeikria annulata, Anaphsma 
margxndle or Amplasma ovts (Adler et Kon-sterilising treatment with 
stilbamidine readily leads to drug-resistance of Babesia earns in sereral 
passages, and the resistance persists when the parasites are afterwards passed 
through a long series of untreated animals (Fulton and Yorke) The parasites 
arc found to be resistant also to acaprin, which is chemically of quite different 
constitution. The latter compound acts on some babesias and on certain ot 
the minute theileria infections, e.g. ThexUria anmilata, which do not respond 
to the other drugs. ^ , 

EntaxxxCRbo. hxstotyUca. Emetine, which is powerfully lethal for “'f* 
tolylica in cultures i» vxtro, acts also in vivo, but is not highly eflectn e clim^ 
caili’. By the use of young rats experimentally inoculated Mth the 
intracajcally a procedure has been evolved which enables different ^erapeii i 
compounds to be compared (Jones). Of the substances e-'camined t e 
active n ere chiniofon (yatren or loretin), niepacrine andcarbarsone. ^ 
hydrochloride was not highly effective ; it appears, however, tna 
strains of E histolytica vary considerably m their therapeutic reap 
this drug. 

Bacteria 

A practical distinction must be made 
be reached by compounds circulating in the blood or lymp -n^jication 
at readily accessible sites. The latter may be influence > through th« 

of ' surface antiseptics as well as by dmgs which are J pus are 

circulation Organisms contained in necrotic tissues or 
likely to be inaccessible by any means It is not bacteria b)' pro* 

the danger of producing drug-resistant strains of ^ Fvoerimentally. 
longed treatment which does not tend rrantance to 

Virulent pneumococci have been obtained with q 


pneumococci 
sulphonamide drugs 

and 

pemuiuit. 


.eneral and local infections 

than to 
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Tubercle bocillijs. Sulphone compounds (diamino diphenyl sulphone 
promm, etc ) whidi are closely related chemically to the suJphonamide 
group, and also the antibiotic, streptomycin, have a marked therapeutic 
effect in guinea-pigs infected twth tubercle bacilli of human type (see Feld- 
man). When treatment was begun some weeks after inoculation and con- 
tinued for seven months to a year, the majonty of animals were alive and 
appeared well, wliile in this time 80 per cent, of the untreated controls died. 
In the treated animals visceral lesions retrogressed ; however, the infection, 
though suppressed, was not sterilised- Also there was no acquired immunity 
in this very susceptible species, since on the cessation of treatment the disease 
ngain progressed. Successful results have also been obtained occasionally 
with gold compounds. Streptomycin has pro%'ed of in human tuber- 
culosis for the treatment of early acute infections, especially miliary tuber- 
culosis and tuberculous meningitis About 50 per cent, of such treated cases 
have' shown remissions, which have been observed for upwards of 2 }’ears 
There seems to be a considerable risk, however, that under continued 
administration a drug-fast infection may replace that which originally vas 
sensitive (Feldman and Hinshaxv). 

Actinomyces and pathogenic fungi {Sporothrix, Blastomyceles) respond in 
some cases to large doses of iodides. GoiHlTesults have also been reported 
in actinomycosis from the use of penicillin or sulphonamide drugs. 

Bartonella The condition m splenectomised rats can be readily prevented 
b> salvarsan drugs But these do not appear to act in the human disease 


Rickettste 

Certam sulphonamide compounds, especially p-sulphonamido benzami- 
dine liydrochloridc and the corresponding amido.vime and close analo^es, 
prepared by King and Walker, when injected intraperitoneaily or i 
cutaneously have a definite effect in preventing the 
characteristic lung lesions in mice inoculated intranasally » _ 

of tv’phus rickettsial, either of murine or 

and van den Ende) Protection is also conferred aS^mst ^ . 
infection uith murine typhus rickettsia, but not against tie _ , ^ 

Guinea-pigs are not protected against the febrile P . 

intraperitoneal inoculation with epidemic typhus influfflccd 

administered to florid human cases the disease ** j-ive some 

Toluidine blue and methylene blue per os and \ , cijfrhtly. 

therapeutic effect m mice and ^-amiiio benzoic aci » 

penicillin also is active 

Viruses 

The Virus of lymphogranuloma 
drugs of the sulphonamide group both m the ' , 

in experimental infection of animals It has been . psittacosis group 
of antimony also liave a therapeutic effect Appare'’^')’ 

are influenced by sulphonamide drugs a d gutic agents 

no other viruses are susceptible to knowv men P 
Kramer et at , Cutting ei at) 



CHAPTER XXXMII 


THE BACTERIAL FLORA OF THE NORMAL SKIN 
AND MUCOUS MEMBRANES 

The skin and mucous membranes, in \irtue of being in more or less direct 
contact \\ ith the outer m orld , are liable to contamination \\ ith vanous micro- 
organisms In addition, the local chemical and phj'sical conditions at a sur- 
face may determine what organisms will multiply there ; also, the normal 
flora may influence the growth of any supcradded bacteria As will be seen, 
tlie commensal flora in different parts of the bodii maj be very diverse It is 
obvious that w hen considcnng w hat constitutes an abnormal flora, w hich ma\ 
have pathogenic significance, it is neccssar\' to know the normal condition 
both in its qualitatu e and quantitative aspects According!}’, the organisms 
should be studied both in direct films and also in cultures on vanous media 
Tvpcs which are abundant may fad to grow on ordinary media, eg sptro- 
ch.etes, or as in the case of B bifidus. the predominating organism m the fsces 
of breast-fed infants.- ma} require ansrobic conditions for their initial 
growth The use of selectue ennehment media may be necessary in order to 
demonstrate the presence of organisms which are either evtremely scanty, 
such as B arogenes in normal fieces. or which are readily overgrown w’hen 
along W’lth the usual coliform bacilli Pathogenic forms may be transiently 
present without disease resulting The conditions which determine the normal 
flora of a part arc as }ct only imperfectly understood Accordingly one can 
only note the fact that in different parts of the world the organisms found, 
say m the upper respirator}’ tract, may \ary 

The Skin. The exposed skin surface, except at flexures, is too dry to 
permit free growth of bactena . also a self-stenhsing action has been attn- 
buted to it, whereby most bactena placed on the surface disappear But the 
nature of this action has not been defined . it is not merely a function of the 
natural acidit} of the secretions and little is known about its variations under 
different conditions On the other hand, certain organisms seem to have a 
natural habitat on the skin surface, in tlie intercellular spaces of the epidermis, 
and in the sweat and sebaceous glands It is therefore necessary to distin- 
guish between a ' transient ’ and ’resident ’ flora of the skin The latter is 
exemplified b} the staph} lococci {Staphylococcus albiis most frequently) and 
certain diphtheroid bacilli, etc It is significant that Staphylococcus aureus 
IS habitually present on the skin of the face and neck and that this ‘ skin- 
carnage ’ IS commonly maintained b\ its presence in the nose WTiere surface 
contamination is abundant, as at muco<ntaneous junctions, the organisms 
from the mucous membrane are numerous, eg coliform bacilli, sporing 
anaerobes such as B u^Wiii, and the enterococcus, near the anus The pre- 
putial secretions fa^our the groxsth of the smegma bacillus. Gram negatne 
and -positive cocci, diphtheroid bacilli. B fusifortnts, and vanous spirochjetes 
The external genitalia of the female have a similar flora Where there are 
fattx and waxy secretions (as in the ear, genitalia, and pilo-nidal c}’sts) 
acul-fast organisms such as the smegma bacillus tend to flourish On the 
I onjunctiva Staphylococcus albus and diphtheroid bacilli, such as B. xerosis, 
are common Vanous bacteria and fungi present in air and dust may be 
found on the skin, and m addition to the species mentioned abo\e a great 
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variety of organisms may be isolated in cultures from the skin, c p. itim- 

ZZl ‘‘ZZT’ and various moulds and 

yeasts. Streptococci both of liaimolytic and non-biemolytic classes may also 
be found apart from any dcBnite patMogical condition. Occupational and 
other fact rs may influence the skin flora (Lominsti and Thomson). It 
shmM he emphasised that complete sterilisation of the skin can seldom be 
eficcted by the application of antiseptics, and in some persons SlaJ>hylococm 
albin or aureus and other organisms may grow deeply, only coming to the 
surface as a result of continued sweating. 

The Jlloutfl. In the mouth a great variety of organisms is found and any 
accurnujation of secretions or epithelial debris leads to increase in their 
nirmbcr. Streptococci of a and y tj'pcs, spirilla and vibrios, Jeptothrix and 
streptotbri.v forms and also potentially pathogenic types such as the pneumo- 
coccus. staphylococci, and fusiform bacilli are all frequent. In the interstices 
hetucen the teeth and on the gums, abundant spirochxtes of various imds 
arc often present. M’here tliere are carious teeth, aciduric organisms such as 
B. acidophilus odontolyticus arc present, but it is uncertain in how far this is 
tlic cause of caries. 

The Respiratory Tract. WTiilc the nasal vfstibuk contains many and 
V'aried organisms, Staphylococcus albus and annus, diphtheroids, etc., the 
nasal fosscc, so far as they are accessible, arc practically sterile. Even slightly 
ahnormaf conditions, hou-ever. such as those associated with the commoa 
cold, lead to the appearance of organisms, which may be numerous, such as 
stapiiylococci, streptococci, Fricdlandcr’s bacillus, D. catarrhalis and diph- 
theroid bacilli. These probably prolong the effects of the original infechOT, 
althowgh they may not initiate ft. The nasal mucous membrane has amarked 
capacity for ridding itself of bactena placed on it ; the roechanisin imww 
IS not clear, liowcvcr. although it seems not to depend entirely on 
removal. Tlic mso-pharynx harbours non-harmolytic strept^occi, n - 
pathogenic Gr»im*ncgative cocci, pneumococci (chiefly of Group l> ' 

cocci, bacifli of the induenza group, and minute 
anaerobic bacteria exemplified by Bad pneuntosmles. , 1,5 

are normally sterile. Friediander's bacillus is a common inhabi a 
upper respiratory tract and occurs also in the mouth The frac . ‘ 

and pulmonary tissues in the hcalthv state are practically free noni ^ 

It is difficult to define sharply the limits between the 

above and the transient presence of potential patht^ens. ^ meningu- 

streptococci, ty'pe III pneumococcus. Pfeiffer’s baciUu=^ an 

coccus are frequently isolated from naso-phao’ug^^ 

apparentlyheaithy section of an urban population The istn^ 

organisms tends to vary with the season, there being an e'’ ^ 

nasal cai’ity and downwards in the trachea and larger brou 
cold period of late winter and early stop* 

The Alimentary Tract. In the y 
swallowed ivith the food and saliva ivt 
acid of the gastric ]mcc, so that 
its contents are nearly stenle TV 
isms, which are of the intestinal 
after the first 2 to G ft. the '■ ’ 
abundant m the ileum and reach 
I^ower down the large intestine, ■ 
death of a considerable proportion, 
third of the dry weight of the faeces t 
tions of the different tvPes depend t 


itati\e fo' 
'estroyed b) 
f<-h has ■ 
tio contn 
efrom th- 
tus mu 
in ui the 
1 ' ' ir 
■ at 
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the diet, but the i>rincipal forms are coliform bacilli, D. proteu$, enterococcus, 
‘ T , . ■ . ^ • bacilli {B u'elchtt. 

• mesevtertcus, etc ) 

. , ^ ts The organisms 

present m the intestines may be classified according as they arc saccharol 3 'tic 
(enterococcus, B actdophihts, B uvlchtt) or proteolytic, i e ‘ putrefacti\e ’ 
(B. sporogenes, B proteus, B. fyocyaneus^B vtesentericus) Diet is beUe\cd 
to influence the flora, a large proportion of meat conducing to the proteo- 
l)tic types, whereas carbohj’drates — espeaally lactose which is supposed to 
reach the lower parts of the intestine before being split up — lead to the 
preponderance of an aciduric flora Feeding with soured milk assists m 
establishing the latter It is not easy, however, to cause an organism foreign 
to the individual’s intestine to flounsli there, although abnormal conditions. 


species, including specific pathogens It is doubtful whether bacteriophage 
plays much part in regulating the intestinal flora Bactena which ha\e been 
swallowed appear in the dejecta of new-born infants within twenty-four hours, 
at first the}' are of various kinds but, when breast-fed. B f>i/rf«s soon becomes 


infants where the alimcntaiy tract is normal, the upper part of the small 
intestine is nearly sterile, and that this is not due to the acidity of the contents 
or to the presence of bactcnopliage 

The Fem^e Genital Tract In the adult female the vaginal secretion i>< 
typically acid from lactic acid denved from gl>cogen secreted in the lining 
epithelium Thi-. state persists from the onset of pubert} until the mcno- 
paust The acid secretion is unfavourable for the majority of organisms and 
the characteristic flora consists of the aridunc Doderlcnrs bacillus {B 
acidophilus). In a proportion of pregnant women, however, the flora consists 
to a greater or less c\tcnt of other organisms such as strcjitococci, cohform 
bacilli, dijihthcroids, veasts, and sarcinx In children from three to four 
weeks old until pulwrty. the vaginal 'iccrction is alkaline and contains few 
orgamsin-j, thifflv cocci 
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THE BACTERIOLOGY OF ATR, WATER, SE\\'AGE, SOIL, .AXD 
MILK, FROM THE HYGIENIC STANDPOINT 

AIR 

The atmosphere is not a natural habitat of micro-organisms, though fungi 
and bacteria are constantly present in it. Such organisms- are intro- 
duced into the air from various substrates in %vhich they flourish Thus, 
particles of air-borne dust from the soil, streets, dwellings, etc , dried matenal 
shed from the bodies of animals and man, dust from human clothing, bedding, 
etc , and droplets expelled from the respiratory passages create the apparent 
micro-flora of the atmosphere Any factors which increase the amount of 
suspended matter in the air add to the bacterial content. Therefore bacteria 
are most numerous in the air of inhabited places, particularly within enclosed, 
badly ventilated, and crowded premises. On the other hand, at highmonntain 
altitudes and over deserts the air contains relatively few bacteria, ^\hIleo^er 
the sea the number increases with proximity to the shore , but not even the 
stratosphere is bacteriologically sterile (W. F. Wells and M. \V. Wells; 
Proctor). Bacteria when introduced into the air remain there for on!}’ a 
limited time . as dust particles and droplets settle by gravity the contained 
organisms are removed from the atmosphere and the rate of removal depends 
on the sue of the particles, the larger settling out rapidly, the smaller remain- 
ing suspended for a time and also diffusing for some distance. . - 

The micro-flora of the air consists mainly of the spores of various fungi, 
spores of saprophytic bacteria (B. subtiUs, etc.), and a variety of tnicrococa 
eg saprophytic staphylococci and sarcin.e. Some of these are 
adapted for air distribution. Thus, the spores of fungi and bacteria can > 
natural desiccation laair and dust provided they are not e-vp^ed 
sunlight Air samples regularly contain these organisms, which are co 
inhabitants of soil and decomposing organic material But manj 
spormg bacteria can also survive in desiccated material and are lo 
and dust. The pathogenic bacteria vary in this respect, some 
tibJe, others resistant to natural drying, and this is a deterrmiung ^ _^ 

spread of vanous infections by air and dust Among the patnoge ^ 

which may readily gain access to air and can survive in ^ ^ y bacill«'' 
considerable time the following may be included: eporcsoflhf 

staphylococci, streptococci, pneumococcus, diphtheria baci , id, in. 

anthra.v bacillus (as in wool factories), spores of anaero ic 
B icelchit, etc ) and the spores of certain pathogenic varcuii^' 

viruses also have considerable resistance to drying, e.g 


viruses aiso nave consiaeraoie icMsiauv-c w --o ..jain • 

psittacosis, poliomyelitis, influenza (seeLandstcinerano e , 

The actual sun’ival in the dust of infected premises has ^ ^„pj,y3ococci 
in the case of various pathogenic agents, r g bacillu’/ 

streptococci, pneumococcus, diphthena bacillus, tu ,. prown 
poliomyelitis virus (see Kirstein , and Thro)- T/ie 

Allison. Avery , Hare: Wnght rt rvlicrcW <1^ 

stirring of infected dust is undoubtedly an impor 

atmosphere becomes contaminated with micro-orga i 
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Flugge in early studies of air-bome infection pointed out that secretion 
droplets from the respiratory passages may float m the air for several hours 
and arc transported by air currents, and he regarded the diffusion of suspended 
droplets as an important process whereby certain pathogenic organisms arc 
spread from one person to another The later work of Wells has added to 
our knowledge of this subject He showed that droplets of 0 1 mm diameter 
or more settle rapull}' while smaller droplets tend to remain suspended The 
latter, however, evaporate gmng rise to ‘ droplet -nuclei ' of dried material . 
these float for a considerable lime in the atmosphere and are earned some 
distance by air currents If pathogenic organisms should be present and 
remain viable in droplet-nuclei, the potential spread would be considerable 
Among the v anabics that might determine air distnbution of bacteria is the 
vigour of evpulsion of droplets from the respiratorj passages, and sneering 
is tiic most effective in this respect Bourdtllon and Jus co-workers showed 
that an average sneeze leads to the emission of 100,000 bacteria-contaimng 
particles of a size small enough to remain in the air of a closed room for more 
than one minute and that 4 per cent of these remain suspended for thirty 
minutes The diffusion of bacteria when contaminated droplets arc intro- 
duced into the atmosphere has liecn fully demonstrated by vanotin observ ers 


to the possibihtj of air-bornc infection b\ means of suspended droplcl-miclci, 
but, in general, contamination of the air in this way by pathogenic organisms 
would be rclati\el> dilute unless under conditions of overcrowding and bad 
ventilation, for the larger droplets containing most baefena from the 
respirator) passages settle rapidlj, and contaminate the dust of prcimses, 
clothing, etc , ratlier than the air itself Recent work has on the \fhole tended 
to minimise the importance of drojflct infeetion and to emphasise the part 
played by du'^t m the spread of pathogenic organisms in the air .Krrording 
to Harp, hamolvtic stieptococci are eviiclled fiom the mouth and throat 
mainly in the larger droplets which at once settle, and his findings snpjwrt 
the view that the danger of direct air-boriic infection is comparatively slight 
and that the rontaininatton of clothing, Iicdding, etc, with suliseqiunt 
stirring tip of infected dust particles from these is the usual mode of spreatK 
of respir.itorv tract infectmn (s<c Hare and Mackenzie) 

I li< <jiu SIMM arises .i-, U) file det;ree of infevtivitv of the smaller droplets 
will. li art likth to remain snsj>ei)c|c<l in (he air This has rcicnth Ix-cn 
stMdu.(l l)\ Duuuiil whii p«>inlv out that the gre.at majoritv of droplets 
originate from the front tif the inoiiih and that tlieir infortiv ilv will de}>cnd on 
the presence and mimber of pathogenic org.iinsins m this region Ho found 
h.LinoIvtit strcj'locihci in the .interior -iimuth secretions m otilv 13 of f‘7 
jiatients with throat infection due to thc*a? organisms , during .a series of 
siv imighs info ted drojilets were c\|>cll{<l 39 of lliese Ho obtained 
aii.ilogous results in jKrsons with diphtheria infeetioii n| the thro.ai ami in 
rases <tl puhnonirv phthisis Hr h.is also sh«»wn m las^^ of rrspiralorv 
tract infei tions that onh few of the smaller elmplets whn h N-tonie flo iting 
droplet MIX hi are h).«h to canuttn |«fhoigrnit hu len.i While this m iv It 
true for buteni! di'o.ises m virus mfotions of tlie respir.itorv trait the 
romcntratMii of the info, five agent ui tin s.irctions of the mouth miv It 
I imthgreiifr and in sm h « a-as droplet im« h i inav iTmorelikih l»sj>r«.»d 
tlie infKfi-.n 

On i)n wlinh- prcseiiT evidcnu |«oiiiis delinuilv to the greater hki hh'»Ml 
of .or U rtii iiife. lion \h ing dm In the stirring «»f infirtnl dust froTii premise s 
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ability must be femembLd Lt ™ i'lT h “ P«- 

from an infected person may en^Te ^ 

the immediate vicinity or contaminate tJiTSS 0 ?^*’??'"®®.“^ “ 

but this IS not air-borne infection in the sirirf Z such person, 

only feeble viability outside the bodv thZ* ™ ' oigciBins mill 
veyed m this way, apart from those^vhici.*^ meningococcus, may be con- 
deskcation, ■ 'vhich are capable of resisting natnra! 

toe ' ‘ The simplest procedures, 

orgaiusiub present in dust Dartir7#,« * s of culture medium. The 
colonies on incubation and^o a anaKiIhV ^ settling on the medinm form 
can be made. This method hac <?uantitative examination 

hffimolytjc streptococci h)n a ^ organisms as 

only be of comparative i^a) degree of air contamination can 

nuclch ® S“isnis m the smallest suspended particles, such as dropkl- 

air ivTt^ thp^nariO'^^^^°(?^ devised for bacteriological samplingol 

HieWv s-itkSrtnr^ object of detecting organisms-in the finest partieks 
defied resu ts have been obtained with the ‘sbtimpler’ 

voJump nf aif ic His associates (19^1). By this mstrum^nt s given 

of cuJtiirA m through a slit 0*25 mm. wide, on to a rotating plate 

>tht fo raWt V The rate of passage of the air through the 

in»»rt ^ itfinute and samples up to 10 c ft. are e\am- 

Pnr Alt* plate ensures even distribution of the organisms. 

7 • 7 nnrt streptococci it is advantageous to use blood agar containing 
■ 1 W, 000 crystal violet, which inhibits most of the ordinary air and dust 
o^amsms while allowing both haemolytic and vinifiinr streptococci to grow. 

be latter onanism serves as an indicator of naso-pharyngeal contammation 
0 the air. The ' air centrifuge ‘ devised by Wells and hh associates (1937) 
is also suitable for the detection and enumeration of bactena present in the 
finest particles. 

Air Disinfection. Much work has recently been devoted to establishing 
, effective means of destroying pathogenic organisms in the air of premises 
Ultra-violet radiation has been applied for the purpose, eg. in surgical 
theatres, hospital wards, schools, dormitories, nurseries, cinema theatres, etc 
A convenient method is to irradiate circulating air above head-level, so that 
the occupants are protected from the ravs Many orkers have brought for- 
ward evidence that ultra-violet radiation of the air of such premises has 
reduced the incidence of air-bome infection among the occupants (see lie ' 
c^n/,1942: Del Mundo and McKhann , Robertson ri af. , Hollaender, 19 . 

Hart, 1937, 193S) Chemical disinfection by imrious antiseptic sprajs 
also been investigated and applied practically. The object aimed at is 
introduce into the air a fine spray of the disinfectant, which in the concen ra 
tion used \njl kill pathogenic bacteria without exerting any 

irritant action Various substances have been found to be suitable, fg 

chlorite solutions (yielding hypochlorous acid), certain coal-tar or 1’^'^ 
derivatives {e g. resorcinol), gjj’cols, lactic aad, incense and smoindcnug 
board. Hypochiorife disinfection has been fully studied mm 
elaborating a practicable and effective means of using it 
controversial whether the chemical acts in the form of i-ery smah Qm 
its contact with the suspended organisms or whether it acts 3 

One of the proprietary solutions, e.g. ‘ chloros ' so diluted as to 



717 


' THE BACTERIOLOGY OF AIR, WATER. ETC. 

1 per cent, solution may be employed According to Challmor (1943), a 
single spraying uath 11 c c. of a I per cent, solution of sodium hj'pochlonte 
per 1,000 c.ft, of air, t e. 0 i parts per imllioo. can produce approximately a 
33 per cent, reduction of the total bactcnal content of the air. and repeated 
sprajing brings about a substantial degree of disinfection ; repeated or con- 
tinuous spraying is. of course, necessary Efficiency depends on the humidity 
which must be high for maximum disinfecting action. Propylene glycol has 


approximate!)’ 90 per cent reduction of naso-pharyngeal organisms in the air 
of a crowded room The optimum relative humidity for the activity of 
propylene gUcol is stated to be from 45 to 70 per cent. Triethylene glycol 
used in the same way has been found to be quantitatively much more potent 
than the propylene compound Hams and Stokes have demonstrated m 
a children’s convalescent home the effectiveness of these glycols in reducing 
the incidence of the common respiratory tract infections. With reference 
to all these methods of air disinfection, bacteria in dust particles arc more 
resistant than in droplets or droplet-nuclei 

It should be added that in the prevention of dust-borne infection in 
hospitals, treatment of the floors of wards with spindle oil and of blankets 
with liquid paraffin can effect a considerable reduction m the dispersal of 
dust particles and their associated bacteria (see van den Ende and Spooner) 

WATER 

In the bactcnologtcal examination of water three lines of inquiry may bo 
followed First, the number of viable bacteria per cubic centimetre may be 
estimated Second, the kinds of bacteria present may be investigated Third, 
It may be necessary in the case of a p.irticular organism, if present, to ascer- 
tain m what number it occurs 

Methods. Colledton ef samptes Samples .are collected in 8-0* sterile bottles with 
j-round-glass stoppers or m sterile screw capped bottles of similar capacit)' 

In the case of water taken from a house tap the svater should be allow l,> run for 
some time before the sample is taken, as water staqdin;; in pipes in a house is under %cr) 
favour.ililo londitions for bactinal multiplication 

With fiver waters it is liest to immerse the samplin” bottle and then remote the 
stopper with forceps Care must !« taken not to touch the river l>ed, as the vcRetablc 
matter covering it cont.nns many organisms When water Ills to be taken from below 
the siirf.ncc of a well or hike, a weighted sample bottle must be used Scteral special 
bottlis hate been devised for such a purpose ^uitc good results are obtained by 1)105; 
two '•h<'rt lengths of string to the neck and stopper respectively of an ordinary bfittlc 
an> ri'iuirid Iingtli of stnng can afurwards be joined to these V piece of lead is 
attached to the bottom of the bottle bj wirea passing r«iund the neck The whole is then 
wrapptd in paj>cr and stenli'Ktl Tor use the bottle is carefully lowered to the ri'quircil 
depth In the string att.ache*! to the neck, the stopper is jerked out b) means of the 
other string and the lK>ttlc filled 

Uhtii some time must elapse Kfore craminatirm the lioltles sliniilj be picked in 
ite othi rwisr the ixicteria) content may alter, and .m erroneous idt.i of th« numlwr 
present will l>e obtained Imme<!iatcl) after i.olle5.tion a slight diminution in numbers 
m It lx obM-rted but at an) r.tte aUei six hours ai\ increase oter the initial numlxrs is 
minih St 'sj.ociil insulated N,xes are obtainable in which water samples c.in bt kipt tai 
U( during transport to the hlsiralort Jii the case of w.iter which his Ixx-n treibsl 
with ihlorine or Uilonmine the >>ottle should crmtain stttril smil] ervstah of s<xliuni 
thioMilph.tii which .tri p, w cd m it Ixf.tn il 1% stinli-rd 

Counlii'^ 0/ fc.r£irri,j iii ua/rr This is done bj adding a given rjuantitv of water to 
nice of melted .igtr, pi iting .ind counting the colonies w Inch develop Tin amount 
of w Iter added depends on its scurtc and varies from O-I c c. of a water liki It i,> have a 
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high bacterial content tr> 5 cc. of a purer water. The pJates should h.» ....j 

one incubated at 37^ C. for two days, the other at 22 ' C for three days Thrmedium 
shon d be standardised to p}J 7 2 The plates incubated at 22> C give an iderof S 
numbers of purely saprophytic bacteria present ; the plates incubated at 37^ C those 
of more parasitic nature As the intestinal bacteria grow at 37’ C . the determination 5 
the nambers at this temperature « important. The counts in the two media usually 
differ according to the prevalence of saprophjTic or parasitic organisms resMetKdv 
In unpolluted water the number of colonies at 22’ C is much higher than at 37’ C a 
contaminated water may also yieJd a higher count at 22’ C but the difference betwwa 
the counts at low tcmjKrature and at 37’ C. is less, 

DcUchoncf thf presence of special wganums (o) The B. celt group In public health 
uork the most important inquiry with regard to a water is direettd to the investigation 
of the presence or absence qf cohform bacilli. Here the method which has usually been 
adopted is to deternii-nc the smallest quantity of a w ater -which gives ev idence of contain- 
ing thosjo organisms, or their numberin a given quantity oi water (e g 100c c ). i«th refer- 
ence also to the tjqica of cohform bacilli present 

As the primary culture medium MacConkey's bjle-salt lactose peptone water’ (with 
rieutral-rcd added) is used In this medium the typical members oi the S colt group 
produce acid and gas It is thus necessary to put tJie medtutn into bottles containing aa 
tnverted tube to indicate gas production (i-tJc Appendix) Suitable containers are 2 or 
cylindrical tnedicing bottles 4]) in high by U in. m diameter stoppered with cotton moo! 
The following quantities of water arc added to a senes of such bottles. 50 cc, 
20 cc, lOcc.Scc. Icc. and tn thecaseof specially suspicious waters, OScC.Olcc. 
nnd even b 01 cc It is advisable todupHcate the senes. The quantity acd concentra- 
tion of the medium in each bottle arc so arranged that when the sample is added, the 
reauUmg thud shall b« of the concentration of MacConkey's medium as ordinarily we- 
pared Thus, the bottle to which the 50 c c sample is to be added contains 10 c c o» a 
SIX -fold concentration of the medium Tor the 20 cc sample, 20 c c of a meoium of 
double strength . for lOcc . lOcc of the double strength medium; andfor 5cc,occ 
of double strength medium For smaller samples, 5 c c. of the ordinary JIacCoa eys 
itiedtum may be used . , . . 

hor each sample it »s necessary to have slenJe 25 c c, 10 c c, and I c c grad 

^The bottfea are incubated for forty-eisht hours, and it 3s well to read 
end of the first twenty-four hours also The formation of acid and gas in 

gem-raHy K*cogf!isi?d as prcsumptis e evidence of the presence of fficrtthers 

group, and the test up to this stage is generally designated the -vanr., and 

tesC . but It IS usual to investigate further the * With this end W 

determine whether they arc ' t>’pical ’ or atj-pical cc^iforiu baciU . jrj 

view, each bottle m which acid and gas are present is ^ sotead over tSe 

placed on a plate of MacConkey's neutral-red “f^^„,„v3t^^ft,rtwe!it> 

surface as in making successive stroke inocoJatioftS The plates a oresnisfu 

four hours As typical B colt produces acid «» lactose any co ° j, cjoced agar 
are of a rose-red colour Representative colonies **'***’“’/“ f fermentafioa of 
and used for further tests . gelatin liquefaction, indole Q ‘£.jtrate-utihw^°'' 

inositol, the Voges-Frosftaucr and meth>d-r^ special stress shouW 

test The characters of a typ’^al B coh on ^d and gas pro- 

be laid are absence of gelatin hqucfacfion. (emeai^ nriduction of mdofe fro® 
duction) of lactose, absence of fermentation of i,as been more Wl)’ 

peptone water, and a positive mctftyl-red reaction Th>3subJ«^« 

discussed in Chapter XIII amount of the saropie *^'^ 

The final result can fac staled in terms of the ‘ . , j,«s) mocnlaled 

contains typical B coh, provided both bottle* {in the “P jt It J 

this amount yield the organism and all and irregular resuh’^ ^ 

remembered that the method is vme of random s ^ n when the organ 
sometimes be obtained, r g a certain volume may yi 

appears to be absent from a larger quantit) — ' 

A more accurate assessment can be made by t*®” 

so that the average result is obtained Ttons, rt w routed 

following quantities, 0 1 c c , I c c , and 10 c ^ ^ can ^ 
quantities are tested . the probable number results as given m 

according to the combinations of positive ^ “-Snation of Water 
p iled by McCrady {see ' Tbe Bactmrfog»«J Exam«^ 

1 Two per cent peptone water with ® 
sodium cWofide. and 1 per cent lactose {vtdf Appeaaiy; 
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No 71, Ministry o( llc.iUh, The range of qiiantitu~i selected would depend on the 

probable state of the w ater ; thus m testing a chlonnatetl w alcr a 50 c c quantity w nuld 
included, but not 0-1 c c quantities 

Wide the presence of ‘ typical ' or ' fecal’ coliform bacilli can Ik determined by 
tt sting the biochemical reactions of the organisms preaent m the cultures as described 
abotc. the nijkman reaction (i t ability of typical enhforni b.icilli to produce gas from 
lactose at 41’ C . p 313) has bitn used by various workers as a simple and rapid method of 
dull rcntialmg ‘ typical ' from ‘ atypical ' organisms Tor this purpose two sets of the 
carious quantities (as alyi\c) arc added to MacConkey's fluid medium, one set being 
incubated for two days at 37 C . the otlnr at 41 C (m a water-bath) The former set 
indicates the /? coh (ontent of the water incspcclise of the type of orcamsm the latter 
the ‘ ty pical ' or ' f.i-cal ’ li toll content An alternative procedure is to incubate the 
bottles at 37 C and then make sulKuUurrs from th'isc iKittlcs showing acid and gas mio 
tulH-s of MacConkoy’s medium, incubating the subcultures at If C for two day, 

(b) /} ufffAii dHd stref'toeocd The detection of D uelchii has l>een used in water 
examination as a means of primng the presence of cxcrctal poUulion Fifty c c of water 
are added to U"l c c of sterile milk in a stoppcreil Iwttle, and after the mixture has been 
heated at 80' C for ten to fifteen mmutis a layer of sterile liquid paraffin is superimposed 
to produce anaerobic conditions The mixture is then incubated at 37 C for twenty (our 
to forty -eight hours and observed for the ’ stormy clot ' reaction (p 47f)| The test can 
be made a quantitatne one by adding varying quantities of w.ttcr to miJb 

The streptococcus present in polluted water is of the enterococcus type Ihis 
organism grows in the liquid MacLonkey s medium uscil for the li coh test, ferment- 
ing lactose without gas proiluction \ftcr the ' presumptive ' V coh test tupra), 
1 c c IS withdrawn from each bottle showing aci<l or acid and gas proiluction and 
mixed with Dec ttcnlu water in a tube which is kept at CD C for fifteen minutes 
This kills the cohform bacilli, but the enterococcus survives With n capillary pipette a 
drop Is then used to inoculate a plate of MacConkey a agar After incubation the entero- 
coccus tan be reco.;nisod as small, «leep-rcd colonies and if necesrary idontUicd bv 
further examination Tins metho<t allows of a quantitative estimate of the streptotoccal 
content of the water 

^ kn alternative method consists in subtuUunng on lactosc-tviluritc-agar from the 
bottles showing acid or acid and gas production after the ' presumptive 2J coh test 
The enterococcus growing on this mexiium products btuish-black colonics The medium 
IS as follows 1 percent peptone. 0 5 pvr cent lactose. 0 i per ctnt anhydrousdipotas- 
Slum hydrogen phosphate. 0 3 per cent sodium chloride andDpercont agarwitbalin 
15,000 concentration of potassium tellurite added after sterilisation of the medium 

Water derived from any natural source contains bacteria, though, as in 
the case of sonie artesian wells and some springs, the numbers ma\ be very 
small, eg. 1 to 100 per cc In ram, snow, and ice there are often great 
numbers, those in the first two being denved from the air Great attention 
has been paid to the bacterial content of wells and rivers With regard to the 


content of the water entering the well Again, if the sediment of the well has 
been stirred up, a high bacterial count uobtained Ordinary wells of medium 
depth contain from 100 to 2,000 per c c With regard to rivers, very varied 
results are obtained. Moorland streams are often fairly pure In an ordinary 
nver the numbers present vary at different seasons of the year, while the 
prevailing temperature, the presence or absence of decaying vegetation or of 
washings from land, and dilution with large quantities of pure spring water, 
are other important factors Thus it has been found that the rivers Thames 
and Lea are purest in summer, and this has been attributed to the fact that in 
this season there is most spring water entering, and very little water as 
washings off land In the case of other nvers bacteria have been found to be 
fewest m unnter A great many circumstances must therefore be taken into 
account m dealing with mere enumerations of water bacteria, and such 
enumerations are only useful when they are taken simultaneously over a 
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stretch of ri'JC with special reference to the sources of the water. Thus it is 
usually foun^d that immediately belmv a sewage effluent the bacterial content 
rises, though in a comparatively short distance the numbers may markedle 
decrease, and it may be that the river, as far as numbers are concerned mav 
appear to return to its previous bacterial content. The numbers of bactena 
pre^nt in rivers flowing through inhabited districts therefore vary greatly. 

The bacterial count has been used in estimating the efficacy of the filter- 
beds of a town water-supply. These usually remove from 95 to 98 per cent 
of the bacteria present, and a town supply as it issues from the filter-beds 
should not contain more than 100 bacteria per c.c. Again, it is found that 
the storage of water brings about a very marked purification. Thus Houston 
showed m one series of observafions that while 93 per cent, of samples of raw 
river Lea water contained B. colt in 1 c.c. or less, in the stored water 62 per 
cent, of the samples showed no B. colt be present in 100 c c According to 
Coplans, however, the diminution is not necessarily due to the organisms 
being killed , the real cause may be the agglutination of the bacteria follow- 
ing on changes in the electrical conductivity which take place in stored water. 

Much more important than the mere enumeration of the bacteria present 

in a water is the question whether tl -* — f mm. 

The most important of these are the 

fsrtce, and, in certain circumstances. he 

small numbers which may be present in a dangerous water, the direct isolation 
of these organisms is often impracticable and in any case unnecessary for the 
condemnation of an unsafe »vater supply. For public health purposes w 
therefore seek for the presence of indirect bacteriological evidence which 
might point to the contamination of a water by human excreta. If this be . 
found we deduce that the water fs dangerous, as organisms from any ca^of 
intestinal disease occurring in the catchment area may find access to it. The 
criterion here adopted is the determination of the number of typical coluorm 
bacilli present in the water. Houston pointed out that, in sewage, 
members of the colt group are practically never fesver than, 100,000 per c c 
In these circumstances the presence of typical B. coli in a water is the 
indirect e\'idence of the possibility of disease organisms of intestinal orio 
being likely to gain access to that water. It must, however, e , 
recognised that those organisms are only, as ft were, indicators o ev 
contamination. , ^ t ^ ..v»p«nn 

The difficulty, however, is that (except in the case of water from artes 
wells) if a sufficient quantity be taken, evidence of the presence o . 
always be the fact that tins organism 

m the exci 
between o 
moorland 

content of 

human sources, and the consumption of such a yp any 

condifon, may bv perfectly safe. It .s 'd „,.Iv on tta 

absolute standards of the bactenological purity mrticiiHr case 

estimation of the numbers of B. colt present " | r^I„sis and inspcc* 
results must be considered along wth those of ch ‘ .. ‘ •{jj^.ater derived 

tion of the local, ty The dffficfflty is greatest f 

from sewage-contaminated nveis, ‘ lioii'lilncvcrbeuscdin 

weUs. With regard to the first two sooras. the be cot- 

an unfiltered condition, and with regard to the . _ _ — waters 


sidered on Us oum merits, 
has come to be a usual practice. 


“hrori„i..on=f™cl,-K. 
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staiKC’4 an inspection oI the surroumlings and an unfavourable chemical 
analysis arc suilicicnt to condemn a water, even i( a bacteriological examina- 
tion showed the ab-^ence of li. colt m large quantities , and further, if in a 
susjiicious locality the bactcriologic.»l .anjl}’sis yjcldctl a bad result, the water 
ought to be condemned even w hen from the chemical analysis it could be 
'' ... . niay be said that when 

■ T less of a water from a suspicious 

On the other hand, waters of a 
high degree of jnirity show absence of II colt from 50 c c or even 100 c c.. and 
it miglit be said that in a pure water 11. colt should lie absent from 25 c c. A 
chlorinated water should be free from toUform bacilli in 100 c c 

In the Ministry of Health report (cited aliovc) the following classification 
of piped water supplies (sampled on entering the distribution sjstcm) is 
recommended . 


Class 1 Highly satisfactory. 
„ 2 Satisfactory 

3 Suspicious. 

„ ■!. Unsatishactorj 


B coll coinii (prcstitnpfne 
tes/) IK 100 c c 
Less than 1 
1-2 
3-10 

Greater than 10. 


It is pointed out that fiO per cent of samples of unchlonnatcd water supplies 
should Ik? m Class 1 throughout the jear. that per rent should not be 
below Class 2 . and that tlic rcnwindcr should not be below Class 3 , while 
chlorinated water should be in Class 1 If an unchlonnatcd water ocfastoiirtf/y 
falls into Cla«s 3 this may not l)c of special signific.incc, bnt if there is a fall 
to Class 4, the water should be considered unsafe When there is a fall to 
Class 3, however, the type of cohform bacillus should be ascertained , if the 
organism is atypical less significance would be attached to the result than if 
the high count were due to typical organisms It has been shown, neverthe- 
less, that an increased number of atypical cohform bacilli may be antecedent 
to a dangerous pollution. 


in use are capable, if properly worked, of dchvcnng an effluent w’hich does not 
yneld B co/i in amounts less than 100 cc , and such a degree of efficiency 
should m all cases be aimed at 

As B cell IS fairly widesjircad in nature, valuable supporting evidence is 
found in the presence of 3 uelchu and of streptococci, botli of winch are 
constant inhabitants of the human intestine The spores of the former are 
numerous m sewage, and the presence of the latter can always be recognised 
in 0 001 grm of human fxccs 

It should be emphasised that in water artificially polluted with sewage 
containing intestinal bacteria, these can be detected by bacteriological 
methods in mixtures from ten to a hundred tunes more dilute than those m 
which the pollution can be detected by purely chemical methods 


46 
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Var.ousxnethodsUv.be..Wd OUhesct.ef, 


iL> eiinck organisms of the typboid-parat^hold 
incubation for tuenty-four honr«t «..k 1 . 


Ill virtue ol its selective acljon, 
group while suppressmc J? coh 


ine other enrichment medil for the typhoM-paralyphoid bacilli 
Jsolation 0 / Vtbno cholera from water For thi® - >- - 


may also be useil 

f 


.>« Vr , atui it Vibrios grow they may be isolated and 
identinea by the methods described 00 p -113. 

To test a larger aolume of water, the sample is passed through a Seitz disk, which 
IS then used as the inoculum of a flask of alkaline peptone water. 


It is sometimes necessary to examine the bacterial content of sewage, especjall) in 
connection with the efliaency of pucidcattoa works The mam lines of inquiry are here 
the same as for water the onlv 

high bacterial (•' 1 ■•• • . .. -i ^ ' 1 . i • ' • . ■ ’ • . ' 

eg a series of • ■ 1 ' ' 1 r • • v \.i • j . . • ■ ■ ■ 

in sewage, these may vary irom a million to ten mUlions or even more per c c , and here 
of course the question of the presence of intestinal organisms of the B. eoh group is of 
impoitance. The numbers of these are large, and members of the group may be det«ted 
in 0 000001 c c or less Recently it has been shown that by selective or enrichnient 
methods (tide Appendix) organisms of the typhoid-paratyphoid group can be isolairf 
from communal sewage (^\'lIson , Gray) The numbers of B. eoh present are frequently 
considerably reduced by purification methods, but it is to be noted that, even when 
such methods are most successful, this organism may yet be present m cen»ide^l‘^ 
numbers By no purification method has the production of a potable water wen 
attained, and the high content of S in effluents suggests that the passage of typaot 
bacilli through a purification system is possible . 

The part which bacteria play «v the purification ol sewage constitutes a ques i« 0 
great interest, to which much attention has been directed . 

Various methods have been adopted for the biological purification of sci^age 
the earliest methods to be used was the contact bed the sewage * "Jh wsome 

was run on to a bed of gravel, cimker, or coke, on which h 


hours The eifluent W’as then run oot through the bottom of the bed. '• . {},g 

to rest for some hours before being recharged In a modification 0 , . slui'h 

sewage after treatment in a closed tank ('septic tank’) « allowed P . 
through a bed consisting of large porous objects, such as broken nc ^ 

of coke, and here the percolation may be constant, no interval n res ^.iistjng m 

the explanation given of the rationale of this process, sewage is 00 c , matcnil 

three stages (1) First of all,/r«A sexiage~the newly mixed .fntsoftfte 

as It enters the main sewers (2) Secondly, stale settle t e ° jhcreoccurs 

mam sewers Here there is abundant oxygen, and as the sew age combine to 

by bacterial action formation of carbon dioxide and ammonia, uorks llf«* 

ammonium carbonate This is the sewage as it reaches 

preliminary mechanical screening is adopted , 

ployed at this stage, and in this way 60 per cent of thesuspe *ank— the seph'^ 
out as ■ sludge ' After this the sewage is run mto an a toni; 

(3) It remains there for from twenty-four to thirty six Akc oiacc n’ chesept^ 
smelling fluid— the sepltc sewagC The chemical changes w jjjjjj free ovjS^"' 

tank ate of a most complex nature. The sew^c entenog E t , . jarireh anaef'^f"'^' 
and therefore the bactena which flounsh in the tank are pr ■ comparatively 
the changes which they originate consist of the a remit, • 

compounds of hydrogen with carbon, sulphur, and pn p 



723 


' run HACTKKIOKOGY OF AIK. \Vx\THK. FTC. 

great rrdu tton in thf amount of alliummnid nitrogen, and of solid organic matter The 
last IS inii'ortant. as the clogumg of ortlin.ar}' filter bt^s is hargclj due to the accumula- 
tion of such matinnl, anil particularly matter consisting of cellulose One further impor- 
tant effect IS that the sue of the particles of the ikposited matter is decre.-isod, and 
therefore it is more easily broken up m the ne\t stage of the process This consists in 
•■prmkhng the efliuent from the septic t.snk on to filter beds, r g of coke, ivhcre a further 
punficafion process takes place fly this method there is first an anaerobic treatment, 
succeeded by an aerobic , in the latter the process of nitrification occurs by means of the 
spicial bacteria concerned The results arc of a satisfactorj nature. an<l there is often a 
marked diminution in the noml>er of colifnrm org.anisms present In the modern 
.adaptation of this metliml the crude se«agc first enters deep n.arrow grit pits ' i\ here 
stonj particles settle out Tlicncc it passes through screens which remove I irge objects 
mechanic.allj and break uji fac.al m.asses The solid matter of the resulting screened 
seu.ige. uliich is alt in fine suspension. » either bqucficd as far as possible b) treatment 
in septic tanka or else allowed (o settle ouf in sodinicnt.ation tanks (to aid this process 
substances such as hrne may l>e added) The "tank efliuent' is now run through 
sprinklers, on to ' percolating filters ‘ ( b.ictena beds ) simitar in structure to the con- 
tact beils mcntioncil .aboae. while the sludge is periodically remosed from the tanks 
The fiber beiia when first constructed have little punfying action, as this depends on 
the fonnation, on the cnnstitucrits of the bed. of a bioli^ical film consisting of various 
bacteria moulds, alg-c. and protoroa and liarliounng worms, insects, etc process 
of renewal and shedding of the film is const.intly occurring at a rate which depends on 
weather factors, etc Before the effluent is discharged into a river the solid material is 
allowed to deposit in 'humus tanks*, thereby the nui-ancc due to fouling of the 
river bed is minimised 

In the earlier stages of any sewage purification, there u little doubt that the organic 
material present is being split up by ordinary putrefactive bacteria In the mams and 
where open systems of purification arc at work, aerobic forms play the chief part, while 
m the closed methods anaerobic org.amsms are those chiefly concerned In contact and 
percolating systems there is evidence that at first the purifying action of bacteria is 
materially furthered by physical processes Thus Dunbar showed that when such a 
substance as coke is used m a sewage filter bed a considerable amount of the protein 
matffial is removed in a ^ery Sew minutes by adsorption . being oS a colloidal nature, it 
IS readily deposited under such circumstances in the pores of the coke in the form of 
films After a time such J filter bed bexomes clogged, but on access of oxygen being 
allowed it regains its adsorptive properties— probably from the oxidation of (ho material 
adsorbed 

During the purification of sewage, various processes are at work first, the action of 


ably of protozoon and other low forms of animal life , fifthly, it is possible that direct 
cbemical oxidation of the earlier products of bactenal action may occur, and in any 
case the access of an abundant cJxygen supply to adsorbed matenal hastens its 
destruction 

The Achtaud-bludge Process has proved to be an efficient and economic method of 
sewage purification Ka« sewage is run into long narrow channels in which it is mixed 
with 15 to 30 per cent activated sludge ’ (denv-ed from previous treatment of sewage) 
and thoroughly aerated either from a compressed air -lupplv or by mechanical agit.i- 
tion . thereafter it is passed into sedimenting tanks where the sludge separates in the 


lying the method arc not completely onderstood, bacterial action plays an important 
part The sludge derived from previous treatment of sewage supplies a suitable microbic 
inoculum lor the raw sew age The conditions of treatment are aerobic and presumably 
the purification is oxidative in nature and biologically similar to that which occurs in 
the aerobic contact beds of the older processes (cide supra) Physical factors are also 
concerned and the colloidal matenal undergoes precipitation and sedirnentation 

The effluent from a sewage purification system may contain as many bacteria as the 
sewage entering, but there is often a marked diminution It is said by some that patho- 
genic bacteria do not Jive in sewage The typhoid bacillus has been found to die out 
when placed in sewage, but it may sometimes live in this fluid for a much longer period 
than that embraced by any purification method Thus the constant presence of if coh 
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SOIL 


The investigation of 
various points of view. 


the bacteria nhicJi inay be /ound in the soil is undertafceu from 
Information may be desired as to the change its composition 


hygienic ^andpoint, soi) bacteria are chiefly oli mportance in s-iew of the fact that 
they can be \\ashed out of the soil into water supplies An important aspect of this 
question is the significance of certain bacteriological appearances in a wafer m relation 
to the Soil from which it has come or over W'hich it has flowed. 

Methods of Examination. For examination of surface scil or soil near (he surface, 
Houston recommended tin troughs 10 in by 3 in , and pointed at one extremity, to be 
wrapped m J^j-ers of paper and stmliserf by dry heat If several of these be provided, 
then the soil can be well rubbed up and a sample secured and placed in asfen/e test-tube 

, *' •*“ 1 / samples are to be taken at 

■ which many varieties have 

• ^ that of a large gunlet-like 

instrument! . . . ,, * ./ has 

m It a hollo ■» 

mechanism he 

instrument is bored to the required depth, the door is drawn back, and uy tailing wi.....es 
the chamber isTilIed with earth ; the door is re-closed and the instrument withdrawri. 

In any sail the two imporLint lines of inquiry are. first, as to the total naoiber of 
organisms (usually reckoned pergrm. of the fresh sample) ; and secondly, aa to the kinds 
of organisms present. The number of organisms present in a soil is olteu, bo'fte''erjM 
great that it is convenient to submit only a fraction of a grro. to examination 
method emnlovcd is to weigh the tube containing the soil, shake out an amount of a^ut 

* • •'Th the tube The 

• shaking, and, if 
■8 measured from 

a graduated pipette arc used for investigation voi vou..*— .-e ol 

organisms prescntin the portion of soil used, small quantities, siy 0 1 cc , 

the fluid are added to tubes of melted nutrient agar; after being mixed, the m 
IS plated, incubated at 22® C . and the colonics arc counted after three or f ur } 
From these the total number of organisms (\iable in the medium used) in a g? 

amount of soil can be calculated , of the 

.. fhp aoaerobic organisms m iw 


itter, also give Ivw 

len sods yield usu- 
are found in sovl^ 

, verat icdhun* , 

• ■ - ••• .....ii ♦hespecies'’* 

illied type"- 
,t from fhe 
he 

public health standpoint it is obviously « cwi. 

of organisms indicative of pollution by sewage, « g }T^ 

streptococci (see under tfater) may be recommeiide 

For the detection of these bactena the 20 c? of broth, 

(a) B coh group A third of a grm o* ncutral-ied ^ 

and loopfuls are spread on one or mote s are packed off and 

agar After twenty- four hours’ incubation any P aje^rtam ® 2,es 

to the tests for typical E eol^ detailed m are add«l.to t-bea 

B~. colt content of the soil, varying amount of th - i 
of MacConkey’s fluid mediuiu, as in water exaounatio w 
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(6) Hactllus U’flchit To search lor this organi'.m I Rrm of the soil is IhorouRhly 
(lislnbutwl in 100 c c stenle lirotb, and of this 1 c c , 0 1 c c.. and 0 01 c c , arc added 
each to a sterile milk tube These are heated to SO* C lor ten minutes, and then culti- 
vat«l anaerobically at 37’ C lor forty-eight hours If the characteristic ‘ stormy clot ' 
reaction is de\cloj>c<l, then it may be assumctl that this organism is present 

(c) l.ulerococcus As m the examination of water lor the cntcroctKcus, the cultures 
made (or determining the 0 toh content (as abose) can be utilised cultures m Mac- 
Conkey's iluid medium s'lnch show acid or acid and gas arc examined as described on 
p 7J0 

The presence of tj-pical ]) eoii in a soil most be looked on as indicatnc of recent 
pollution with cxcremental matter The presence ol 13 uelchu is also csulence of 
such pollution, but from the fact that this is a sponng organism the pollution may 
not base been recent The presence of the enterococcus m.iy be regarded as evidence of 
recent excrementat pollution, as in the case of typical coliform bacilli 

While such me.xns ha\e been advancctl lor the obtaining of indirect evidence of 
pollution of soil, ins estigations hat e also l>ecn conducted with regard to the \ labihty in 
the soil ol pathogeniu bacteria, especially ol those likely to be present in excreta, e g the 
typhoid and cholera organisms, etc The solution ol this problem is attended with 
diQiculty, as it is not easy to identify these org.misms when they arc present in such 
bacterial mixtures as naturally occur in the soil Turther. bacteria often influence each 
other's viability in an unfa\ourable way, and it has been clearly shown that vannus 


for instance, the typhoid bacillus koon dies out in a virgin sandy soil esen when it is 
the only organum pressmt In cxi>enment3 made by sowing cultures of 1’ cheltree and 
certain other pathogenic organisms in plots in field, it wns found that after forty days 
at the longest, they were oo longer demonstrable i'urther, strictly pathogenic organ- 
isms, even if they remain ahve, cannot multiply m sod under natural conditions In 
the case of a sponng organum such as the It anthracts the capacity for remaining in a 
ijuiescent condition of potential pathogenicity is. ol course, much greater 


MILK 

The bactenolog> of milk presents two aspects, the economic and the 
hygienic, with the latter of which this chapter js mainly concerned It 
may be said that the bactenological condition of ordinary market milk, 
as sold in the large communities of this country, is far from satisfactory, 
and the hygienic aspects of milk bactcnology arc therefore of special 
importance in preventive medicine In tlie bactenological sense, ordinary’ 
raw milk is perhaps the most impute of foods, and therefore a potential 
source of infection Primanly', cow’s» milk is a stenle fluid, but from the 
time it flows along the large ducts of the udder, which may contain bactena 
of vanous types, it becomes progressively contaminated It is an excellent 
culture medium, especially for intestinal organisms, and any contam- 
ination IS therefore progressive unless at very low temperatures The 
mam sources of the bactena always found in fresh milk are the external 
surface of the udder, the hands of the milkers, utensils m which the milk is 


about five hundred organisms per c c , but the bactenal content may be 
greatly increased under unhygienic conditions, and, on the other hand, it 
has been sho\vn that the numbers of bactena may be easily controlled by 
attention to the cleanliness of the cowhouse, by sterilisation of utensils, by 
grooming of the animals, washing the udder before milking, etc There is 
some evidence that for a short time after milk is withdrawn a slight dimmu 



726 


THE BACTERIOLOGY OF AIR. WATER. ETC. 

tion of the bacterial content may take place, but before it reaches the con- 
sumer, especially in city supplies and in warm weather, the bacterial content 
of apparently fresh milk may rise to several hundred thousands, or over a 
million per c c. The organisms present are mainly intestinal bacteria, e g. the 
B coli group, lactobadlH. sporing aerobes and anaerobes, and streptococci, 
and this is specially significant of the nature of the contamination to which 
milk is subjected in the process of collection. 

The Souring of Milk. Under ordinary conditions the first evidence of 
bacterial activity, and from the economic standpoint the most important, is 
the occurrence of souring due to the formation of lactic and other organic 
acids, and the action of these brings about curdling. The subsequent changes 
vary with the bacteria present, but ultimately these lead to putrefaction of 
the ordinary type. The importance of the souring of milk has caused much 
attention to be devoted to the process, and various associated bactena 
have been described. 

(n) Streptococcus lacUs. The features of this organism have been dealt 



with in Chapter IV. It is an active fermenter of lactose and pro u 
abundant acid from this sugar. . . nnf 

(6) The lactic aetd bactlh (Lactobacilli) are a group of organisms cor ai 
which occur normally in the alimentary tract of various mamma » an 
specially numerous in the young animals before j 

sporing, non-motile. Gram-positive bacillary organisms ; ° ^ fn 

nlpnmnrphisrn and the same strain may present marked^ 


Some are thermophilic and flourish at 50’’ C 

Among these organisms B actdophlBS and B iyi™ ^ oropcfla'S 
mentioned as occurring in the human subject. ^ ,5^ H.acidophdi's 

■ rcsidiifS 

*je Boa^* 


in the teeth, and the subsequent solution ol the m the stomach 

Appier bacillus, another representative of on is occurring. 

:ontents in states in which HCI IS absent and lactic e (x-Iongs m 

• g'. gastric cancer. Doderkin's vaginal bacillus (p- 
this group. 
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liactUtis (or Laclohactllu^) actilophtlus is a rather long, stout hacillus (1 /« 
or more hro.nD.wtth a t(inilency to curl at tliceiKh, hut a more slender form 
N\hicli tends to be in chains uIm) occurs (I'lg 200) and short, almost coccal 
fnnns, may be ob«cr\cd. The organism may Iw recosered from f.'eccs by 


under aerobic conditions. The coloniw: are vety minute, and /or their detec- 
tion one must esamine the culture under the low power of the microscope , 
tlicy arc of tuo t>pcs, the one a delicate featherj* growth somewhat similar 
‘ " 201), the other rounded or fusiform and 

crab colonics '). GUico'C and lactose are 
. xluction but uithoiit gas It bulgaricus 
originally found in Yoghurt (a fcmicntod milk preparation) is a related organ- 
ism , it lias the same microscopic characters and forms similar featliery 
colonics . it can be dincrentiateil from B ari«/o/»/ii/ifs by the fart that the 




latter forms acid m 1 per cent inalios'' broth in forty-eight hours at 37® C 
whereas B bul^ariats fails to do so , the latter also does not flourish in the 
human intestine and is thermophilic, growing best between and 62° C 
Bac\lhi$ (or LactobactlUis) btjidtt% is the predominant organism in the 
intestine of young breast-fed infants, and m a filtn of the faeces it appears m 
practically pure culture (Fig 2U2), being 4 to 5 /« long by 0 6 to 0 7 /t broad, 
and straight or slightly curved, often wth bulbous ends , but in cultures 
pleomorphism is marked (Fig 203) It was given its specific name as a result 
of the bifid form it may sometimes assume, which was regarded as charac- 
teristic b\ those who first studied its morphology. Often the bacilli are only 
weakly Gram-positue In order to obtain this onanism m culture special 
conditions are required Deep tubes of 1 per cent lactose or glucose broth 
neutral to litmus, to which a small piece of sterile rabbit’s kidnej’ has been 
added, are heavily inoculated wnth a suspension of the feeces and sealed woth 
a layer of stenle vaseline and arc kept at 37° C for six to eight days An\’ 
gas which forms at first is expelled by re-melting the vaseline Stroke cultures 
are then made on plates of 1 per cent glucose agar or Loffler's serum and are 
incubated anaerobically After forty -eight hours B bijidits has fonned grey- 
ish pin-head colonies which m the next day or two enlarge to 3 to 4 mm m 
diameter (the only other organisms likely to be present are enterococ ci which 
form larger, whitish colonies) Rich subcultures on glucose agar and m 
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glucose broth will now be found to grow aerobically. Glucose maltose 
saccharose, and certain other sugars are fermented.'Lut wS ™as p™: 

^ have been isolated from lermetifm- mlk 

fermentS^o'^ '>■' 

(e) The third group of milk-souring organisms is- the coliform bacil/i 
certain types of which were originally described in connection iviih this no,; 
cess (i'lrle Chapter XIII). These organisms produce both acid and gas horn 
lactose, and curdling of milk by their growth may be associated ivith cas 
formation. ' ■> . b 

already stated, there occur in milk a number of bacteria of ven’ 
di'nerent morphoiogicaf and cultural characters with the common capacity 
^ of producing lactic and other acids, and the special qualities of anv' souring 
process probably depend on the particular combination of bacteria present. 
There is considerable evidence that the occurrence of souring holds in abey- 
ance for a time the activity of putrefactive organisms Many changes, which 
may be termed economic ' diseases ’ of milk, are also due fo bacteria, 
e g. the occurrence of ropy milk, bitter milk, blue milk and ' sweet curdling 

Pathogenic Organisms in From the hygienic standpwnt the mo^t 

important consideration is that of the conditions under which pathogenic 
organisms gain access to milk. These may originate in diseased conditions 
occurring in the cow, or the milk may become contaminated from cases or 
carriers of human disease. With regard to the former, the two most import- 
ant are inflammatory and suppurative disease of the udder, and tuberculous 
Thus chronic mastitis is prevalent and streptococci [vid( p 165), or staphy- 
lococci are associated with this condition. The milk in such a case may 
contain pus and blood-stained serum along with large numbers of these 
organisms. Such milk finds its way into large milk supplies, but it is doubtful • 
if It is responsible for active disease in man. as the common types of mastitis 
streptococci are infrequently pathogenic to the human subject. Some 
observers have shown, however, that certain cases of acute bovine mastms 
are due to hiemolytic streptococci of human origin. Thus person?* harbour- 
ing virulent streptococci in their throats may by contact wath 
milking, infect the udders ; the resulting mastitis may in turn lead to ron 
tamination of the milk and spread the infection widely among other pc • 

It is supposed that .scarlatina may also be spread in a similar way > 

B. mehtensis may occur in the milk of infected goats, and 

the world undulant fever is traceable to this source. 

closely related to this organism, may be present m the muk ,jKcus.«cd 

and the question of its pathogenicity to the human subject as 

,n an earlier chapter. In outbreaks of bacterial 

Salmonella group, cow's milk has been found to be mfecte n ^ 

of this type and has been responsible for the containing 

recorded of ‘ food-poisoning ’ due to milk and milk p ..-nhvlococcal 

staphylococci. The possibility of this A.mm c^esof 

infection of the cow’s udder must be borne in . trtrti to milk 

and-mouth disease have occasionally been recorded and trac 

from infected animals. tuberculosis arisioj? 

Tuberculosis in the cow is a senous source of hum . j-^j^^^jsc.xcccd- 
from the consumption of milk. It slmuld be of the 

incly prevalent in milch cows in thfe coun^'. ^5*^ 

tvpe of the tubercle bacillus to thehuman IS discussed i «he cow's udder. 

It need only be smd that where tuberculous disease occurs m tne 
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tubercle bacilli will be found m the milk, and; further, that wlicrc Reneralised 
tuberculosis occurs in the animal, tubercle bacilli liavc been found in the milk 
M-ithout gross c\idcncc of the udder being diseased. The importance of this 
observation is evident from the fact that a cow with tuberculous lesions in 


cattle. Though ob^ ious udder tuberculosis occurs in only about 0-5 per cent 
of dairy cows, and though only a \cry small proportion of nulk samples from 
individual cows contain tubercle bacilli, the mixing of milk for market pur- 
poses increases the percentage of sjiccimcns of tuberculous milk as supplied 
in the raw state. This percentage may be high, eg G or 7 per cent or more 
in the large communities. 

Apart from infective conditions of the cow itself, milk may spread infec- 
tion through its being handled by those suffering from disease or carrying 
the specific organism Two diseases occasionallj' spread m this w-ay are 
diphtheria and enteric fc\er. In the case of entenc fever the chief danger 
lies m the milk being contaminated by a ' earner '. In the same way milk 
may be a source of dysentcnc infection and cholera in countnes in which 
these diseases are jircvalcnt There is good reason to believe also tliat cases- 
and outbreaks of sore throat and scarlatina may owe their origin to milk 
infected wath a hamolytic streptococcus from a person handling the milk, 
while harbouring this organism, eg a convalescent or an unrecognised case 
Similarly, a contaminated water used for ' watenng ’ milk or even for nnsing 
churns, etc., has been know'n to give rise to milk-l^rnc outbreaks of enteric 
feser. House-flies infected with organisms of the typhoid-paratyphoid, 
and dysentery groups may contaminate milk with these organisms, and 
the same applies to the cholera \ibrio m countries in which cholera is 
epidemic 

A very important bacteriological <iuestion is the part played by milk in 
the causation of infantile diarrhcea It has been long recognised that cow’s 
milk may be responsible for considerable niorbidity and mortality among 
infants from acute diarrhoea, especially during the summer months when, as 
might be expected, the bacterial content of milk is generally highest , and 
without considenng any specific bacterium as the causal agent, the question 
arises whether the ordinary flora of contaminated milk in excessne numbers 
or the chemical products resulting from their growth, are responsible for such 
diarrhceal conditions in infants Specific organisms, however, have been 
noted in cases and outbreaks of infant diarrhoea, e g B dysenterta. members 
of the Salmonella group, Morgan's bacillus, although milk cannot alwaj s be 
directly incriminated The etiological problem of infantile dtarrheea is 
discussed m Chapter XV 

Bacteriological Standards and Graded Milks. Bactenologtcal standards have now been 
extensively applied in controlling nulk supplies It may be said that with proper pre- 
cautions as regards the hygienic collection and distnbution of mtlk, the bacterial content 
should not exceed 30.000 viable organisms per c c The actual factors concerned in 


recognised and sold as such, while standards have been laid down for controlhng these 
graded milks Thus, in the case of the so-called eeriifieit milM m Scotland the bacterial 
content must not exceed 30,000 per c c and B roll must be absent from 0 1 c c , 
this milk must be from tuberculin tested cows and no heat must have been applied to it 
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Eng . ■ . , 

(accord 
period 7 ' 

April 

per mlmi.te"""'"' ■"“■>' »'>• contain more than 30,000 bacteria 

P.islninseif mil* nrast not contain more than 100,000 bactena per millilitre 

In ION new regulations for' heat-treated ' i ® 

both rnfcercidm-tejfiii and P, • 

requirements must conform to certain requi 
« e. must pass a standard phosphatase test iiu • 
tion and must not reduce methylene blue (a 
kept m the laboratory at atmosphenc shae 
betueen 0 and 10 a.m. in '* 

Scotland. C<r<t/cd am •• 

than 30,000 bacteria per m 


oaform to ctitaio 

1 t\M 4ieji‘tteatea tnuH : i e. must pass a standard phosphatase 

test (nrfe i»/rd) and a metliyicnc-hluc test earned out by a standard method and pre- 
scribed as follous . the milk n»n«* — -• - 

day after the sample has 
the sample has been dch%- 

shade temperature until the test is completed ; in addition, pasteunsedroiUcmustcootain 
no coliform bacillus in 0 01 ml (See: The Heat Treatment of Milk (Prescribed Tests) 
Order (Scotland), lOU, and The Milk (Special Designations) Amendment Order 
(Scotland}, ION ) 


The Sterilisation and Pasteurisation of Milk. The d.tnger arising from milk 
being contamin.ntecl by dise«isc organisms has caused much attention to be 
paid to tlie subject of their destruction before the milk is .consumed The 
only feasible method is disinfection byJieat.anditis fortunate that practically 
all the important organisms to be considered are non-spormg forms and thus 
are easily destroyed Tlie boiling of milk for two or three minutes wtII Bh 
all Iiarmful organisms, and altlioiigh some spores may survive, this is by far 
the most simple and jiractical method of disinfection for domestic application 
Boiling has been objected to, however, on account of the destruction o 
vitamins, e g the anti-scorbiitic principle ; and if very young children on an 
exclusively milk diet be given boiled milk alone, in a certain number ° 51^ 
scurvy results Also, a characteristic taste is imparted , 

unpleasant to many Accordingly, to obviate these disad%’antages ^ 
method of heating for twenty minutes at CO'* to 80** ..pnt 

process has been extensively used This usually kills all but a ou^ 

of the organism 
tubercle bacillu- 

Sponng putrefai . T.rpcf’n'ative is 

. be rapidly cooled, the action of the process as an economi p 
largely nullified, more especially as the protective railk-sounng 
destroyed , , disinfection of 

Pasteurisation has now been geiierall accepted -ajjdrecog- 

milk, and this process has been adopted f >r commercia p P , folder ’ 
nised by the Health Authorities under a?rtam , L go to 65 5“ C. 

method in which the milk is maintained it a tempera , An 

<145'’ to 150° F) for thirty minutes, and then .p/ocessjn«hicb 

alternative method is the ‘ High Temperature, Sho ^ ^nnled to 50° 
the milk js heated at 162° F for fifteen s 


‘ The millilitre may be taken as eqnnalent 


to the cubic centimetre 
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Tlie bactcrjoIoRical standards for pabtcimscil milk havp been given above. It 
is doubtful \ihctlier pasteurisation on a large scale for commercial purposes is 
unifonnly effective, and this is borne out by the bacteriological examination 
of sjK-cimens of pasteurised milk sold as such The question has also been 
raised as to whether, in the proecs-* of commercial pasteurisation, there is a 

I 

of tuljcrclc bacilli (artificially and naturally infected) is rendered non- 


recognised method of commercial p.wlcurisation would thus appear to allow 
sufficient margin of safety as regards the de»tniction of the tulxirclc bacillus 
provided the pasteurising apjviratus is operated with reasonable care. 

It may be noted that the pho\phaiaie teit provides an effective means of 
controlling the hcat-tre.itment of milk This test depends on the inactivation 
at 145®F within thirty minutes (or lO'J® F within fifteen seconds) of the milk 
enzyme, phosphatase, and a standard method has been elaborated for deter 
mining tlie activity of the enzv me (sec Statutory Rules and Orders, No 319. 
1911, H.M Stationery OlTicc. London) The tubercle bacillus is slightly less 
rcMstant to heat th.m the enzv me . thus, the inactivation of phosphata-c m a 
sample of heat-treated milk would indicate that anv tubercle bacilli present 
had been killed by the treatment 

Methods ol Examination.* r<‘gar(ls the cnumer.ttion the tnt.-it viable bacteria to 
milk and the estimation of the U eoh content the methods used m water evamination 
{q t ] may also be applied The total content of v lable bacteria is estimated as follows 
decimal dilutions, « I I 10, I lOO I l.OuO I lO.tKH)— are made with sterile water 
m sterile bottles 1 0 c c of these is then plate-d m st.andardised nutrient asar and the 
plates are incubated at 37 i. for two days When graded milks are examined, particular 
dilutions may be selected e g 1 in 100 for certified milk, 1 m l,f)00 for ' standard ‘ 
milk. The test should b« triplicateii so tlut .an average result can be computed In 


null in.i) ue sciccieu, eg i i|t lu loi ceiimtu uuik. i iu iuo loi accieuiieu aiiu 
■vtanilifil milUs (-11 Kri’ul'itionv cited above) Ihetevtfor/l co/i niuvt be triplicated 
SI) that an average result can be stated thus in the case of ' certified ' milk, if in two of 
the three testv acid and gav are al>vent the speciitien may be passed as satisfactory in 
regard to its content of colilorm l>acilli 

Methylene blue reJitcUun leal 1 his test used as a substitute for the enumeration ot 
viable bacterid depends on the deculonsation of the dve by the bacteria present in the 
milk, and the degree of bacterial contamination can be gauged by the time in which 
reduction and decolorisation takes place after methylene blue has been added to a milk 
sample (tide supra) The procedure may be stated briefly as follows 10 c c of the milk 
sample are placed m a special sterile test tube and 1 c c of a standard methylene blue 
solution is added The tube is closed with a stente rubber stopper and the contents are 
carefully mixed The tube is then placed at 37 C in a water bath and observations are 
made every half-hour Decolorisation is taken as complete when the milk is decolorised to 
w ithin C mm of the top of the column (Modifications of the test applied to heat-treated 
milk are referred to on p 730 ) 

For the detection of tubercle bacilli, a targe quantity of the milk e g 100 c c , is 
thoroughly centrifuged, and from the sediment guinea-pigs are inoculated subcutaneously 
The sediment mav be examined microscopically for tubercle bacilli by the usual method 
but reliance can hardly be placed on the mere finding of acid-fast bacilli, and the 


* Under the Milk (Special Designations) Orders 1036, for England and Scotland 
standard methods are described in official memoranda Reference should be made to 
these for full details of such methods 
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animal te'it must be employed. The occurrence of tuberculosis in the inoculated animals 
constitutes conclusive evidence. The lesions should be examined for tubercle bacilli 
to exclude pseudo-tubercle and other conditions that may simulate tuberculosis , it 13 
noteworthy that li. abortus can produce a pathological condition in guinea-pigs 


e.xamination of milk in hygiene work, various other procedures have been employed in 
milk bacteriology ; for these, reference should be made to works on agricultural and 
dairy bacteriology. 



Ari'KNniX— METHODS 


Tiic methods chief! j us«l m Ixictrnologital work arc concerns! with demonstrating the 
presence of bacteria, cultnating them, and studying their actions in itlro and in itio 
1‘roficiency can l*e attained only by practical work in the laboratory, but here an outline 
of the chief proceilurcs will lie gi\en along with details of the composition and prepara- 
tion of the commonly used culture media and reagents B.scterla can seldom be idcntifieti 
by their microscopic appearances alone It is usually neccss.iry to obtain growths, 
preferably on artiticial food media, and when it his been ascertained that such cultures 
consist of a single sisccies of organisms, i e arc pure cultures, the following characters 
should be examined {«) the nakeil-tjc and microscopic appearances, {b) biological 
reactions ui tiiro, eg fermentation ol sugars production of spcct.al chemical products, 
serological behaviour, and fc) in the case of pathogenic org.inisms. the production of 
characteristic disease-effects on inoculatiun of suscc|>tible hosts 


I 

CULTIVATION OF BACTERIA ON ARTIFICIAL NUTRIENT 
MEDIA 

I or the 8tud> of bacteria either m relation to disease or for other purpoH-s it is 
important whereser possible. t» cultivate the organisms on artificial (dead) nutrient 
media Also, when there is a mixture of different species of bacteria these should be 
separated, so as to yield pure cultures Accordingly the obtaining of pure cultures is a 
chief requisite of bactcriologicai research Since b.xcteria are practically ubiquitous, 
means are needed for destroy mg ail extraneous organisms w hich may be present in the 
media, in the receptacles containing the media and on all instruments, etc . which are to 
come m contact w itli the cultures The methcxls ol eflccting this destruction are com- 
prised in the term ' sterilisation ' Tbc growth of bacteria in other than their natural 
surroundings invoKcs also the preparation of sterile artificial fond media 


STEniUSATION BY HEAT 

All bacteria are destroyed by heat The temperature necessary vanes with different 
bactena, and the vehicle of heat is also of great importance The two vehicles employed 
are ( I ) hot air and (2) hot w ater of saturated steam The former is usually referred to as 
• dry heat ’ the latter as moist heat ’ .\s showing the diffeceni effects of the two 

vehicles, spores of D anthracis, which are killed by moist heat at 100' C within one hour, 
may require three hours dry beat at NO C to eflocl death Onginally the various 
forms of '.terilisers were heated by Itunsen burners, now 
electrical heating controlled by regulators, or steam, is 
widefv used 

DRY HEAT 

Red Heat. Bacteriological wires are stenlised by raising 
them to a dull red heat in the Bunsen flame The points of 
forceps and scaring irons are treated similarly 

Hol-AIr Oven. The oven (Fig 204} consists of an outer 
and inner case of sheet iron In the bottom of the outer 
there is a large bole A Bunsen is ht beneath this and thus 
plays on the bottom of the inner case, round all the aides of 
which the hot air rises and escapes through holes in the top 
of the outer case A thermometer passes down into the 
interior of the chamber, half-way up which the bulb should 
be situated It is found, as a matter of experience, that an 
exposure in such a chamber lor one hour to a temperature 
of 160 to 170 C IS sufficient to kill all the organisms which 
usually pollute articles m a bactenologicad laboratory 
though circumstances might arise where this would be in- 
sufficient It is important to have the glass vessels dry and to put them into the oven 
before heating it. and not to open the door after sterilisation till the temperature has 
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gl^ss (0 crack Ufien a gUs,- 
T should be placed between the 


fallen, - ... 

sfoppei 
stoppei 

d,, ;;;ei;.r‘su4' “recesXw^^ 

organ.,™ such ns pncumococc. tad.arnbber „"tot\Tc^„T 

The method is manifestly unsuitable for culture media ^vhlch contain water^ ^ 

for paraffin, etc.) are sterilised by heating at ISO'C 

objects may be sterilised by ‘ flaming i e. passing them repeatedly 
through the flame ; this method is used for cover-slips, slides, the mouth oi culture 
tubes, cotton-v ool stoppers, paper, etc ; but care must be taken not to melt or char the 
objects 


MOIST HEAT 

Boiling Water. Five minutes at 100’ C is sufficient to kill all non-spored organisms 
but some spores rnay resist boding for over an hour. This method is useful for tubes, 
synnges, instruments, etc The form of stciilisei commonly used is an enamel-ware 
fish-kettle pattern wth lid, tvbichshouldbeprovided with a removable traj with a raised . 
edge, to prevent articles from ialUog off. To nuuimise rusting of knives and steel 
instruments it is well to boil the water for some time before placing them in it. Distilled 
Of soft water should be used, as hard water produces a deposit oo articles boded in jt 
Steam at tOO ■’ C. This is the most useful means of preparation and sterilisation for 
ceitain culture media. The apparatus ordinarily used is ‘ Koch’s (or Arnold's) steam ' 
steriliser ’ (Fig 203) or a ' steamer In its simplest form this 
consists of a tall metal cylindrical boiler provided with a Iid 
which has an aperture to permit of the escape of Steam, and 
through which a thermometer projects with its bulb 
interior. A perforated diaphragm is fitted inside at a Ultie 
distance above the bottom, and water to the depth of seieral 
inches is placed to the interior and heat applied by a gas burner 
underneath The water quickly, boils, and the steam ^reamma 
up surrounds flasks, etc, standing on the diaphragm " 

evaporation takes place from any medium in the flasks, ** * 
are surrounded by an atmosphere saturated with ‘ 

It is convenient to have the cylinder tall enough to ho ® , 

fljisk with a funnel seven inches m diameter standing m i s 
for filtrnng medium The Koch's steriliser may be ea e . 
passing into the water steam from a water 

the Koch is attached to the water supply by a ba ^ 
in it v-iJ! be maintained automatically at a constan 

Fig. 205 Koch’s 
steam steriliser 
(simple form) in 
section 

from the time boiling commences m the water m the steriliser medium 

must always be made for the time required to raise the tempera « stopper* ol 
to that of the steam surrounding it It is advisable to coier co 
flasks and tubes w ith sev eral layers of parchment or ' kraft paper p 
wetting i TV fluid In the 

One and a half hours' steaming will usually stenhse any bijlms. 

medium containing gelatin such an evposutc is not practira ®' ,' jjeatifl,’ 

gelatin tends to lose its physical property of solidification ; a* atlopfcd m 

alter labile substances in the medium, « g certain sugars , , This i* nw'dii’f'*' 

case is to steam for twenty minutes on.each of three succeeding 'rinciplc met*'"' 
tion of ■ Tyndall’s intermittent sterilisation ' “fhf botlmg "3^- 

is that all bacteria m a non-spored form are kill^ by the t p on the f » 

while if in a spored form they may not be killed remaining ah'® > 

day all the non-spored forms are destroyed — the spores S spor«. br»’“ ' V 

twLty-four hours^ which intervene before the next b®f lext hcal.TWl 

favourable medium, are likely to assume the non-sporeu 
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the-x In rft'so any inav sliU not }ia\cch.'in};r<l their ‘sjuifKl h'rm. t)ie process j, npcattsl 
0(1 .1 thinl <lay ) xpenence xhows that usually the nirdiiini can now lie kept indelinitcl) 
in a sterile toodition. 

Saturated Steam at lll£h Pressure In (he Autoclave, hattiratiil steam at a tempera 
ture alnne HM* C is a rapiJ means of sUrilKilion It i« rtfttteil in an aut(*cla\ u (I i,; 
2W1; Tins is a gun-niital ryliinKr surToiintlul b\ a cjlindncal sheet iron case . its top 
or cod. aciordinct .^s it is pbeol xrrtically or honrontalJ), is |astcn«l down with screws 
and nuts and rindered airtight bj a uaslicr Thcrcarca s.afct> xalic tap. and pressure- 
gauge The continls are supported on a ptrforatcci diaphragm The source of heat is a 
large Hansen burner or electncitj or str.im fmm a he.-iting system fii order to prei tut 
cotton-wiKtl stoppers from liecoming wet they «luiiild f>e coserts! with se'cral la\ers rij 
parchment or ' kra/t ' piper The followuii: pressures ui lb per s«j m (in a<ldition to 
the 15 lb due to ordinary atm«»s|>herK pressure! torrejpmid to tbi temperatures 
shown. 3lb=I(nfi'r , .5 JIi » Kitl ( loni=llfi f . l.‘Jlb=J.'l5 ( 20 1b 

=sl20 C The desired temperature Is maintained bs ail;ostifig the s.ifets lahesoas 
to hlciw oti at the corresponding pressure One exposure of media to a timperature- of 
115 to li’O’ C for a quarter ol an hour is siilTKietit to kill pr.aeticallv all organisms or 
spores 

Certain prt“C3utions are riet.css.ary in using the aut'ielave I.sccpt where the heat is 
dented from circulating steam, c.are must lie t.aken t.» ensure the 
presence of sufficient water, so th.at there is a residuum when st< am — . 

IS full) up. otherwise the steam is superhraietl and the pressure y 

on the gauxe does not Indicate the temperature correctl) The 

procedure in using the auUKlavc i« as follows Insert the materials ^ 

to be sterilised ; then fix down the >i<l ami apply the heat Leave 

the tap of the exhaust vahe open until a sie.ndy jet of steam 

escapes from it. since if all the air is not espelhxl. a mixture of M -lls 

air and steam being present, the pressure shown bs the gauge will H ji 

not accurately indicate the temperature Ths-n close the tjp and n m 

ic.kun the time of stenbs.'tlion from the point when the gauge B, 

shows the reijuired pressure \\hen medium is to be sterilised 

m bulk, howcscr. time must be allowed for .ittaimng the required 

temperature; the same la the case with masses of fabriu eg 

surgical dressings, which must Iw completely penetrated by the 

steam The requisite in/orm.xtion is got by placing niording ^ 

mercury thermometers in the centre of the material to be lit, Ullllln ^ 

sUrilisi^ After ceasing to apply heat, it is necessary to let ^ 

the apparatus Cool well below loo t »»elore o|>cning it or allowing ^ 

steam to blow off, otherwise there will be a sodden dexelopment 

ol steam when the pressure is rcmoscil. and fluid medi.a wall be ric. 3Ji> Xuioeuve. 

blown out of the flasks J ' 

Antoclawng is the best method of rendering infected material t s.fttv xake 
innocuous, such as old cultures, especially when spores are present 
It may .sJso be used for stenlising test tubes, etc fitted With cotton-woiil plugs 
follow^ by drying tn the hot-air oxen It should be noted m the case of dry con- 
tainers which dte closed with imperme.iblc stoppers, that the latter must be loosened 
before autoclaving, so tli.it steam has free access to the interior The xtopper- should 
be tightened immediately after opening the autoclaie Gelatin or media containing 
substances which are readily decomposed, eg carbohydr.ites. must not be exposed to 
temperatures above 10.» C maintained for half an hour 

Where sterilo media are required on a large scale and a mains steam supply is 
available, the apparatus of -Messrs .Manloxe. Alliot & Co Nottingham, is recom- 
mended This is provided v'lth a steam jacket and permits drying of 
etc, alter sterilisation The method ol operation given by the makers should be 
follow ed 

Temperatures below lOO C. Many organisms in a oon-spored form are killed by 
prolonged exposure to a temperature of 57 C This fact has been taken advantage of 
for the sterilisation of blood serum or other materials containing protein, wjiich^ 'i ill 
coagulate if exposed to a ‘ 

principle by exposing it f 
interval to room tcmpcri 
temperature regulator 
Survive such treatment 
process, provided spores c 

SO" C for two hours on each of two soceessiie days 

Bacterial cultures which are intended for use as vaccines are sterilised by heating in a 
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OTHER METHODS OF STERILISATION 
ChemlcBls 

Vobtilf aiillvplic-. v.ch as cI.lom(„rni may be asod to prtsm e serum uhich is to be 
Kept for jtrepanny media : 0 .‘i c c. chloroform Is added to each 100 c c, of serum anil tie 
miMllre, in a stoppered bottle, is shaken ncll at ftciluent iatereals for several days and 
IS then storidat room lemptraturc. Before use all undistolsed chloroform is rcmoied 
Jrf>ni tJjc ‘-t-njiJJ ; the rn.iy then he rvposcti in a thm iajcr at 67' C.. but this js 
not i-45cnti.ll \thcn l-hniir’s nicdiumis tolx: nude, as the remaining chloroform volatilises 
in the process of slow iRMtinj; rrrjuired Sot coaguJating: and sUnhsing the scrum . 

Glycerol as a .'ill per cent, solution, while killing ordinarj- bacteria, preserves the 
viniknce of certain viruses for manv months 


In some cases fluids, such ns serum, arc sterilised effectively by filtration through 
ffJtf-rs whose pores arc tfjo smal/ to let hactena pass I'lltration is dealt with later 


MAINTENANCE OP STERILITY 

It is essential to prevent recontanunation of stcnliscd maten'alj, e g from the dust is 
the nir I or this reason, flasks, test*tubcs.etc.,arecloscd with firmly (but not too tightly) 
htttng stoppers of cotton «o<ji which are inserted before stcnlisiog. The stopper Jor» 
tut>cof}in to Jin di.iin > ’ • | 

l*c inserted in the tuW * 

in the form of ' rope ' c , ' 

contents h.ive to ho kej 

stoppers with Merilc p.ipcr which is ticil on round the neck of toe vessel. oi 
rubber Ciips, olhensisc ni<ful<ls may prow down through the stoppers and 
the contents Sterile indi.iruhlter stoppers may aI»o be used, ^reu -capped hot 
used as a substitute for plupgwl flasks and test-tubes as receptacles for 
dJ'ihev .ind pipettes should be wrapped singly in paper before sterilising , ' 

be sterilised and stored unwrapped in a metal box (not soldered) jf-ny 

which is sufficiently deep |3 in ) and whose top is flush with the nm of the > , . 

articles, such lus pipettes, are conveniently slcnhsed and stored m 
tubes plugged with cotton wool, or metal boxes— the fitting of remova 
tions allows of several sires of pipettes being kept in one box 


THE PREPARATION OF CULTURE MEDIA ✓ edi m • 

A general pnnuple observed in the artificial culture of pathogens 

used should resemble that on which they grow ^ , . thus blood serum 

bacteria the nicdium therefore should resemble the fluids o *h^ > . . of most of th® 

IS often used Other nicdi.i have been found which can supp — since growth 

• • ’• - -•> -avTifare to have a vanety of 

•na ntwosi 
•xtract of meat 

comme ‘ ■ . . . <tpptoa«- 

sa 

etc ) 

without characteristic appearances ot aio lU ciaj-.»«v» .uck.,—. - 

suited for separating a nu-xture oI organisms f j^-ctena 

resulte 
which 

how ever, grow best at a temperature ai called agar, 


another gelatinous substance of carbohydra te natote, c 

' These are supplied by United Glass Bottle Manufacture 
London, \V C 2 


seduneof 
ra i> nc-* 
^ v...jable for 
medium i> 


rnisms. 

erefore 

which 
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docs not melt much below ‘ C . but sthh.h whon rcnruus flmd to Iwlow -J > C 

The reaction of the medium is imjwatant. wnce ttiost l«actcna prefer a neutral or bliyhtly 
alkaline reaction In Rcncral, "hen jwcparrng media the sninimiun amount of heating 
should tie used, at prolongcil exposure to high temperatures damages their nutritive 
prppertns Also avoidance of filtratioB thriwgb eYC^^5Slsc thicknesses of paper, cloth, 
etc. prevents absori>tion from the mediuiA <if factors which proniolc the growth of 
delicate org.anisius {Cole and l.lojd} The salm* of nutnont media ma) be seriously 
imp.aircd by cnntaniin.ation of the ingredients b> traces of copper, wtih the result 
that, while large inucid.a of orKantsms may itrtrw, small ones fail {O \le,ara and 
MaeSu cen) iwch mrdjunj aftir kwatjng dor^ not Wcome inlubitory until it has hern 
kept for some time. TVieadvnnl.agcof methods of preparing media in which the peptone 
IS added directly to the minced meat stems to depend chiedy on the absorption of traces 
of topper present ns impnntj m the pvptone by tfie meat particles It i» hfcel> also that 
the atwveincthod of prep.iralion aa Olds oxidation of the peptone { 11 O Wriglil) Wlicn 
organisms fail to grow in meth.a prcfvircd as ontbncil aliovc it is often found that the 
-addition of scrum, blood, or starch etc promnics growth It has commonly been 
assumed that the extra materials supply nuincot substances essential for proliferation 
of the organisms Kul it has been shown m certain cases eg for gonococcus and 
meniftgococcus (Glass and Konnett) or ft fxitussts fl’olfock), that bloorl jn the medium 
can tic replaced by eharco.al This acts m the case of It pertussis m virtue of absorbing 
fatty acuis harmful to the organisms Accordingly, it must be borne in mind that such 
additions may improve the nutrient qualities of media by altering or fixing harmful 
constituents 

Wr> many diHercnt media have liwn used either where an organism grows with 
difficulty, or w hero some special gfowih char.actcrivtic ij to be studied Only the chief 
of these are given here . others have been iloalt with uodor thcTcipccttve organisms 

Broth 

Tton flesh of the ox, call or horse is usually cmploycit Jiorsc heart has the advantage 
ol being cheaper and containing less fat than the others , though generally ({Uite suitable, 
it has the disadvantage for certain purposes of containing a larger proportion of ferment- 
able sugar The flesh must be freed from fat and finely nuflcrd To 600 grins ol nunce 
‘ add 1 OOO c c distilled water. 10 grms of a suitable commercial peptone, and 0 grms of 
sodinm chloride Mix well and heat for twenty tnmiites at C9 C . stimng at intervals 
Shako well and sfeam in the lIocU for taco hours . filter through paper (Halaton's 
' WTiatman No I ' and Green's No 401 are suitable) and adjust the reaction to 
pH flO (P '<'43) Steam again (or thirty minutes and niter through paper Adjust 
the reaction (about pH 7 21, tube and sterilise in the autoclave at 120 C for 
fifteen minutes 

The commercial meat extract 'Lab-Lemco’ added to water in the proportion 
of ly grms to I litre forms a substitute for the flesh jn the preparation desenbed 
above 

Gfueose Broth. To the above broth after the final filtration add up to i per cent of 
glucose Tube and sterilise >n the Koch To broth containing glucose or other fer- 
mentabie compounds 2 per cent of eialk m-ay be added before stenhaation , by this 
means acid formed as a result of bacterial growth is neutralised 

Glycerol Broth. Add f 5 to C per cent of glycerol (sp gr 1 25) to digest broth 
(vide tn/ra) or to ordinary broth after filtration This medtism ss especially used for grow- 
ing the tubercle bacillus when thepTOductsof the growth of the latter are required The 
lower propiortion of glycerol is gencraJly advisable Stcnlise in the Kouh 

Digest Basis lor Media 

The use ol minced flesh partially digested with trypsin obviates the addition of 
peptone and provides a very suitable basis for media Contact of these media with copper 
utensils must be avoided at all stages 

■Media prepared w ith tryptic digests as a basis yield much more luxuriant growths of 
most organisms than do those prepared from twdmary meat extract with peptone , but 
the latter are preferable for heepiog stock cultures, as they maintain the viability of the 
bacteria for a longer time Sugar-free media, c g, those prepared from ' Lab-Laraco ' or 
Casein digest, are improved by the addition ol a small amount of glucose (0 36 per 
cent) 

Horse Heart Digest BrOlh {shert mtikod of prsparafion— modified from Douglas) 
Horse heart (freed from fat and Abmos tissue) la minced finefi and is mixed thoruughiy 
with water in the proportion of .600 grms mince to I litre water The mixture is rendered 


47 
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■Sr cent Hri'u Sf 7t T '"'"'”“‘”S C lot twentylour hours sufficed 10 

per cent. HCI IS added to render the reactron acid to litmus paper The rai.tture in a 
flask which should be about two-thirds full, u, placed in the coU Koch and th^brnSr ,s 

SeteS' UnSr u" in '* “■* 'tloroform evaporates com- 

pletely . finally alter miration the volume is made up to I litre. 0 5 per cent NaCi added 
the reaction adjusted to pH 8 0. and it is boded in the Koch lor fifteen minutes, again 
filtered to remove phosphates, and the reaction adjusted to pH 7 5 The broth may be 
•stcnhsccl at 120= C. lor fifteen minutes m plugged flasks and stored for the preparation 
of agar, etc ' ^ 


Long Digest Broth is prepared as above, but the mivture nith trypsin is kept m a 
loosely stoppered bottle at 37^ C. for twenty-one days , after the first ten days' incubation 
a similar quantity of liquor trypsin* co is added. From the commencement the 
reaction must be tested daily and 4 per cent NaOH solution added as required, since an 
acid reaction destroys the trypsin and so prevents progress of the digestion Media 
prepared with Long Digest are specially useful for obtaining primary cultures of dehcate 
organisms, e g gonococcus, meningococcus, and JJ tnfluenxcs, and also for grownng the 
tubercle bacillus. They are also valuable when abundant growths are required, e g for 
the preparation of vaccines 

Casein and Yeast Digest (CCY) Medium (Gladstone and Flldes). This contains neither 
meat nor peptone It is prepared from casein hydrolysed by acid, casein digested by 
trypsin (as a source of tryptophane), with watery extract of yeast and glutamine (both 
to supply co-factors), sodium lactate and glycerophosphate (as sources of energy, the 
last acting also as a buffer) The stock solutions keep indefinitely 

(A) To 200 grms commercial casein add a mixture of 170 c c concentrated HCI />/«f 
110 c c distilled water, stir quickly with a glass rod to a uniform suspension, autoclave 
at 120-' C for forty-fiye minutes When cool add 40 per cent NaOH till neutral {about 
160 c c ), cool again and filter through asbestos-cotton pulp (p 770) Dilute the filtrate 
to liboO c c , place in a Winchester quart bottle, add 1 percent chloroform, shake briskly 
at once and at intervals Store in the dark 

|B) To 200 grnis casern (' light white ') and 20 grms sodium carbonate crjstals in a 
Winchester quart bottle add 1,000 c c tap water previously warmed to 37® C . shake well 
-.1,1 o tiirthfif 1 000 c c of the warm water ; add 100 c c suspension of minceu 

. ...j.j fhrec times 


to 7-4 to 7 6 
adjust the ph 
To 2 000 c c 

hour , cool, filter, and adjust pH to 7 4 (b to 7 c c pei k— . 

chloroform, etc , as for (A) , zuift /bf H.ctilled water which 

(C) Crumble 250 grms pressed brewers into J.OOO c c of d stilled 

IS kept boiling , stir constantly till frothing stops (five minutes), filter anu 
chloroform as described for (A) . , . rt 

(D) Sodium glycerophosphate, the comm^I solid salt 

E Gl»ta»iM (B D H ) 0 05 P“ f be kept 

tion , this keeps for a short time in Hwioe-bflist (The stock ol ctjiia 

in a desiccator m the ice-chest ) 

(F) Sodium lactate, commercial 50 per , , t 35 c c , (B) 15 c c , 
To'^ 850 c c sterile distilled water add of the a^ve glycerophosphate 

(C) I0Occ,(D) 10 grms, and (F) 10 cc ^ke to dissolve ^ 

kioelave at IIS" C lor twenty minntes and eMo c o " "‘ti ^.p^heria 

Hartley's Broth. This medium is very „.,er and heated 

toxin 150 grms of minced horse muscle are mixed anhvdrous sodium carbonate 

o 80' C in fhe Koch 250 e c of 0 8 per c^t chloroform and 

ire then added, and the mixture cooled to 45 C ^t erwmen __ 
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6 cc of pancreatic extract {Cole anti OnxJowr) » are added {the amount of pancreatic 
extract retiuircd vanes with tiiKvrcnt pre{«raticms) The mixture is incubated at 3? ' C 
far SIX houtH. the \ cswi bcinp shahen at frix^ucni tntervaU 40 c c of normal hydrochloric 
scul arc then adcl«l. and the mixture heated in the Koch for half an hour, then cooled 
and filtered The rtactnin nf the fihratCM adjusted to pSf 8, and the niinlium distributed 
into containers Tor the stenhsatitm of small qwantiUM (100 c c medium in half-litre 
bottles) free su-ani is pissed tht<r>ut;h the antuclaxc for one hour, then the pressure is 
raiscil slowly to 23 lb and the steam turned off Tor larpier quantities (I litre of mwUum 
in double Winchester quart bottUs) the sxme method of sterilisation i» adopted, except 
that the pressure i> maintained at Ih fvr htU an hour 

PtpiMt W»tn 

A simple solution of peptone consUtuUi a suitable culture medium for man) bacteria 
The peptone in the proportion of I ti> 2 per cent . alonj; with 0 5 per cent NaCl, is ilis 
soUec! in slistilled water b) hiatifti; The pH Should be adjusted to 7 5 for general pur- 
poses The rtuid IS then hlteretl. pbcnl in lubes and stexihsed I’epfone water is much 
used for testing the formation of mdote by bacteria . and by the addition of sugars to it 
the firnuntatise powers of many orstamsms may be Usted (p 754) an indicator bring 
added to show any change in reaction I.ir these purposes it is esscnti.il to test the 
pepfonc for the ab-*nee of sugar and mdofc beforehand 

Glucose Phosphate Peptone. DissioUe 5 firms peptone and 5 grms dipotassium 
hydrogen phn>phatv (anhydrous) in 1 litre of distitted water in the Koth niter hot 
through paper adjust the reaction to pH 7 5 at roam temperature , then >add 5 grins 
glucose, disyilsv and mis thoroughly Distribute in lest tubes and stcttlisy at ll.'i C 
for ten minutes This is used for testing the \ oges-lVoskauer rtacfion of eol/form hacdh 
and for the methyl-red reaction 


Cooked-Meat Medium 

t medium containing minced heart muscle was introduced by lloburtson especially 
(or the cuUivalton of anaerobes n»e following is l-epper and Martin's motlification of 
this medium SCO grins of fresh bullock s heart are minccil. placed m 500 c c of boding 
>7-0 caustic soda and allow cd to simmer for twenty minutes, by the end o( which time 
the neutralisation of the lactic acid will be cnsureil and the pH of the hquor should be 
about 7 r> The liquid is drained off on a musim filter, and while stilt hot the minced 
niedt IS /iressed in a cloth and allowed in dry partiaily by being spread on a cfoth nr 
filter paper In this condition it can be introduced into test tubes without soiling them 
hnou^h xhuuld be placid m caili to occupy about 5 vm of the tube, and I per cent 
{icptone broth, adjusted to pit 7'5, added until the injuid stands I cm above the meat 
The tubes must bo kept in a bath of boilinu water (or half an hour to droe off the 
entangled air . then they are autoclaved at 120 C for twenty minutes Ihemoculutn 
should be introduced towards the bottom of the tube m contact with the mtit \ 
similar medium may bo prepared with brain 

Gelatin Media 

These are simp!) broth solidified by the addition of gel.itin ffighiy <.hara<.i.e-|jtic 
growths «i£ organisms take plavi on gelatin media which are liquefied by certain species 
Oclattn media himever. hast the dssadsantagw of not being suitable » hen growth is to 
take place at temperatures above i4 t , as the gelatin welts 

Ordltiary Celailn. Broth or digest Iwoth l.OOt) c c . with gelatin lOD to (oO gTms 
The gelatin is added to the broth, the mixture allowed to stand at room temperature for 


’ The fresh pancreas of a pig is at once, on removal front the newly killed carcase, 
placed in 50 per cent spirit and brought to the laboratory . there it is freed from fat as 
far as possible and weighed ft is minced finely and three times its weight of distilled 
water and Us own weight of absolute atcobol are added Shake the mixture well in a 
farge bottle and alfoie ct to stand for three days at room temperature, shaking the bottle 
Occasionally blratti through musbn and filter through a Urge folded filter paper The 
filtrate, which comes through very slowly, is measured and treated with I c c of concen- 
trated hj drochlortc acid for every litre This causes the appearance of a cloudy precipi- 
tate which settles in a few days and can be Mteted off The fluid keeps for an indefinite 
period if stoppered, without any addition^ antiseptic if desired at once, the extract 
may be used before adding hydrochlonc aad. the function of which js to retard the slow 
auto-destruction of the trypsin 
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fifteen minutes and then thoroughly in the Koch tabouf half n n ■ i, ■ 

suffices) The finid medium is thVuell agitii 

done by first coohng 
c c blood scrum (o( 
pieces of cotton or 
J resulting coagulum 

..n r-„„v v; eoi, „ , c„ .n 

a. ’’~)UghcdfuJosewadding, 
-^s fhe medium must 
TO This is effected by 

. ck of the funnel bi'tng 

. . , , . >'• (The filtration may 

aJs^be carrjed out m a funnel «ith a uater-jacket whicfi is heated ) It is adnsabfe to lay 
a glass plate over the filter funnel to preTCnt e%'aporation or condensation- «-ater dropping 
mto the medium The reaction should be adjusted after filtration A litre flask of the 
finished product ought to be quite transparent The flask is then plugged with cotton 
ssool and sterilised, best in the Koch by the intermittent method, as prolonged boiling, 
or heating at too high a temperature causes gelatin medium to lose its property of solidifi- 
cation The exact percentage of gelatin required depends on the temperature at which 
growth IS to take place In hot summer weather 15 parts per 100 are necessary. But if 
the gelatin is too stiS, it ivilF split when punctured by the platinum wire used in inoculat- 
ing it. For ordinary use in British laboratories 10 to 12 per cent, gelatin is sufficient 
Glucose Gelatin. The constituents and mode of preparation are the same as abo\e, 
with the addition of 1 to 2 per cent of glucose before sterilisation 


Agar Media 

These have the advantage over gelatin that at blood temperature (37' C ),'at which 
most pathogenic organisms grow b«t, they are solid Agar is a caibob>dtatc detned 
'=-•* ~-^A. -* .y. ♦>,» form of fibre shreds, or 
' C and 
en fiuid, 

on solidifying it always becomes slightly opaque ruuuei, ‘re often 

Jess characteristic than those on gelatin It is not liquefied by any of the pathogenic 

bacteria * , ^ 

UnlUlered Agat 'modified 

from Huntoon) i * 

are dissolved m 1 

grms minced O.X or horse heart oiiiscJe. 10 grins peptone, aim o --- 
are added and the mixture is heated at 6S' C for twenty minutes in an open pan »i n 
*•„ minutes to promote solution soim 


allowed to cool overnight The sohd cone ol meuioiu is screw-cap 

deposit cut off and rejected The medium is melted, distnbu xhe final 

bottles, or tubes and sterilised at 120’ C for fifteen minutes m the autocla^e me 
reaction should be pH 7 5 to 7 6 . ^ The 

Digest Broth Agar, Agar medium may be made with dioC 

procedure 15 similar to that for gelatin . „i c,»,nn add 1-5 to 0 per cent 

Glycerol Agar. To the above agar ^la j/ fo, nfowing the tabereJe 

of glycerol and sterilise in the Koch This is used espec } 

,-,nt solution 

’ used for the 

in peptone 
isp'inx’“‘‘ 

'“'sem'i-SoJJd Agar. A semi-soiiii meuiuiu u- • „htnmn'’ gro" '"s of orsanisms 
eg increasing the motihty of flagellate ‘ agar It is prepared bv add- 

which do not flourish in a fluid medium or on proceeding as usual B tna 

me to any of the fluid bases 0 3 to 0 5 per cent of a^ar an p 

be used as a thin layer in plates or in deep gso c c dist.Heil water to nu 

cev Agar. To 15 giros agar powder add grad > 
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first a smooth pisie and finalSj a uniform suspension I’l.ice in a heated autoclave and 
steam for five mimitcs, then raise the pnssure to 16 ib and turn off the heat , open in 
thirty romutfs Heat to 100 C the TTiixtorp ot r<!agent*(\). (11), {€), (l>).an(i (I ) (cif/g 
p ”3**} and mix with the aR.ar solution alvoat »hrt temperature Add30cc of 40 per 
cent XaOH, place in the steamer and ascerUun that the temperature is above SO’ C 
Wbtn thp precipitate ol phosphaus has settled filter throu'^h asbi.'stfjs-cotton pulp 
(p 770) as rapid!) a» possible (under Un minutes), the whole apparatus Iwing heated in 
the steamer and care beinjj lalien not In shake up the precipitate Add to the filtrate at 
once 2 05 c c concentrated IfCl (32 (Hr cent , sp gr 1 142), check the pH, which should 
be "'G, with ttcsol red as indicator Add 6cc glutamine solution (C) Distribute in 
tubes or bottles and autoclave at 115 i, for twenty minutes Cultures on this medium 
should be iiKUbatcd in an atmosphere containing 6 jicr cent of CO, 

I nr the use of this basis m preparin,; speciaJ roedn. the onginal paper should lie 
consulted 

Liver Infusion Agar. This methuni is sp«iatU rtcynimetuled for the isolation of 
Ilrueetla alorlus 1 resh o\ hver is finely minced and 500 grms are ntixetl with SOO c c 
distilled water, kept in the cold for twenty-four hours, steamed lor twenty mmntcv in a 
flask. welJ stirred and stcnmrd for niflctv minuU's further, then filtered through iron wire 
game To 5iXJ c c. of this extract are adiint 20 grms washed agar. 5 grms peptone 
(preferably UaLtn), 5 grins sodmm chloride ansi J500 c c distilled water The mixture is 
Steamed for one hour in a flask, coolml to 60 C . and the pH adjusted to 7 2 and again 
ste.xmcd for thirty minutes The mcilium « decanted into sterile ila-sks or tubes and 
autocUved for thirty minutes at 120 C The final pH should be 0 0 to C S Kehcatmj 
of the lucr extract should be avoided, the growth-promoting properties being damaged 
thcrebv When there is hhehh«i>d of a mixed infection sufficient 0 I per cent aqueous 
crystal violek solution should be added to yield a concentration' of I in 7b0 OffO of dve lit 
the medium 


SIttea Cel Medium 

bilica gel may be used msusd of agar to solidify medium The following » |t method 
of preparation I \ndcrson and MaeSween) sodiumsdicatcf waterglasa ) la diluted with 
water to xp gf 13.1 volume of this solution is mixed with 0 volumes of broth or 
other fluid m^ium and 25 cc of OOt percent bromothjmol blue tndteator added per 
litre The solution is sterilised by filtration through ford SB pads tmmedtately after 
mixing and filled into sterile containers The pH is then adjusted by adding asgpticaily 
8N or 4N phosphoric acid— the stronger solution bciog used for larger volumes of medium, 
« g lOU CL To bring the broth silicate mixture to a pH of 7 2 as shown by a pale blue- 
greefl colour of the indicator, about one-tcnrti of its volume of 8N aeid is required , 
gel forms in about two minutes, thus allowing an interval for sloping or plating Plates 
of the medium should be invubated ««i the mvc«ed position for twenty -four hours before 
use sn as to secure a dry surface 


Media to Counseract (he Presence of Sulphonamlde Compounds and Penicillin 
Specimens of blcxid pus. etc , from patients under treatment with sulphonamide 
tompounds or pcniLilhn may contain sufficient of these reagents to interfere with the 
growth of susceptible organisms in the usual media They are counteracted rcspectiv ely 
by p ammo benroit and ani3 poMCjIbnasp 

p ammo bemoic acid is added to medium in a concentration of 1 in 20 000 before 
sterilisation Ev en m the absence v^ sulphnnamule compounds it may promote bacterial 
growth 

tarious organisms which are insusceptible to penicillin produce an 
enytnie which deslrovs it -•According to Duthie certain strains of B subltlis are active 
ptoducers of pODicdlin The mode of preparation is as follows of a fully grown broth 
culture of C subhiis So C3iG{Nat Col Type Cults ) 0 4 c c is used to inoculate 20 c c 
of Lab-lJ?mco ’ broth in a 4 oz ‘ medical flat ’ screw-capped bottle, which is incubated 
at 26 C lying on its broad side Ob the fourth and sixtii days of incubation 1,000 
Oxford units of penicillin dissolved in 0 4 c c ate added and the bottle shaken by hand 
for a few minutES On the ninth daj the medium K neutralised by addition of acid and 
centrifuged then filtered through a 3 6 cm Seitz disk The addition of this filtrate in a 
concentration of I in 600 to broth containing 25 units of penicillin per c c and inoculated 
with S!-aph aurcKS should lead to growth la twelve hours at 37 C Such a preparation 
of penicillioase when added in a concentratioii of 1 m 4.000 to fluid media or 1 in 50l> in 
solid media should neutralise much ajiae penicdijn than is likely to be present m 
specimens of blood, pus, etc from patients under treatment 
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THE REACTION OP MEDIA 




Di OTops to the paper by means ol a glass rod is not satisfactors- Ordraari' JitiousSlot 

"A rpS:' " ■» p™ r£ 

medium is adjusted ® 

most pathogenic bac ‘ , 

Estlnwtlon of Hydrogen-Ion Concentration (pH). K Jectroly-tcs in aqueous solution 
tend to dissociate into ions The true acidity of any fluid depends on the number of 
free or dissociated hydrogen tons which it contains, or. as it is ordinarily expressed, on 
the hvilrogen-ion concentration m relation to the standard, which is I grm of free 
^ h> drogen ions in 1 litre The greater the number of free hj'dfogen ions the greater is the 
acidity : tlic stronger an acid is, the larger u the proportion of Us hydrogen in the free 
or ionised state As a tnatlcr of fact, however, not all the hydrogen is in the form of free 
ions For example, the hydrogcn-ion concentration of decinormal hydrochloric acid is ' 
slightly less than a tenth of the standard, but when the solution of acid is very dilute 
nearly all the hydrogen ions ate free. In the case of a weak acid, how ever, the hydrogen- 
ion concentration is often only a fraction of that of hydrochloric acid Accordingly, no 
definite relationship exists between noTipa), decinormal, etc , solutions of acids and their 
tme acidity 

True alkalinity, in a corresponding fashion, depends on h>*drovyl ion concentration, 
and a fluid is neutral when it contains an equal number of free hydrogen and free 
hydroxyl ions Pure distilled water is. ot course, such a neuiral fluid only a very small 
proportion of its hyilrogcn is in the ionised state, the hydrogen-ion concentration being 

j-yj that IS, 10~’. and its h>dfo.xyl-ion concentration is. of course, the same. According 
to the sj’stem now ordinarily used, the hydrogen-ion concentration, represented as pH, 

15 expressed by the logarithm of the concentration /\ith its sign changed Thus, in the 
case of a neutral fluid, e g distiUed water, the hydrogcn-ien conceniralioft is 10-' I its 
logarithm is --7, and therefore its pH*?, The reaction of a fluid is ordinarily ev 
pres',cd as pH Owing to the conventional change in the sign, the pH increases as the 
acidity diminishes, and any pH greater than 7 means an alkaline reaction , that is, the 
fluid contains more hydroxyl ions than hydrogen ions For example, blood serum 
and the tissue fluids, which are slightly aikatme, have a pH of approximately ^^5 ; am . 
as a rule, this is the optimum reaction of media for the growth of pathogenic bacteria 

It IS n«x.ess.ary to boar m mmd that there k an important diflerence between e 
acidity of a solution as estimated by the amount of standard solution of 
to neutralise It and the true acidity. * e between the ' titration acidity 
ion concentration For example. K/10 acetic acid requires as much alUh to neui . 
it as N/10 hydrochloric acid, when tested m the usual way by an indicator , w 
hydrochloric acid contains several times the number of free b>’drc-gen ions wn 
acid does — that is, is several times as strong an acid added 

bujjers are substances which dimmish the amount of free ions when they ^ 
to a solution, i e the presence of a buffer tends to prevent a change ' P . -retate, 
instance, a certain amount of hydrochloric acid is added to a solu ion acetic 

sodium chloride is formed with the setting free of acetic acid an w ’ , wer free 

acid IS less ionised than the hydrochloric acid . thus ® v,,,fipr>! are various 

hydrogen ions than the acid added Amongst substances which ^ jy,eseactin 

salt"., like carbonates, phosphates. Citrates, etc , amino-acids and p ( -ary factenai 

the way indicated Buffer substances are abundantly . fj canrot be 

media, and thus, even when the true neutral point is gcjd or alkali 

obtained merely by the proportional addition of a ® u -/ «}Jabons 

Accordingly, bnficis arc ot great .mportoce "'f “ "f fc. „eans ol electro- 
lUrtied The pH ol a sotetion can be dinjUy ‘if"™”'” only ^ Ksntli 

memo methods Instead, a eolonmctnc “'‘“5 meoloer by 

IS ordinarily nsed It depends on the fact ‘“S^n ybicb ‘‘"S' 

the reaction of a medium, there are two points m pH 
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pl.ice and that a pririicular tint Ri\en bj an intlicatnr c<>rK<ijv>nds with a definite pH 
1 l»c procedure it tliu', to dttern»»ne t^hat amount alkaU it nccctsarj to bnnR a g:% cn 
amount of the mc<Uum to a tint corrcaponding nuh the desirciJ pif , alkali is then added 
to the whole Mihmic of the midmm m proportirmatc aninunt Indicators arc available 
which show a colour change octr ditfcient tai^’cs of pH . there is also a ' universal 
tnilicator “ mixture.* and indicator pajwrs for a range of p}[ 3 to Id*. 


i 2 3 



Solutions of {traded pH can be prepared b> mixing M/13 di sudmm phosphate 
(NajHPOd and M/lft niniu>-p*>tas'*«m phosphite (KH,1>0,) iti var>ing proportions 
J’hosphatt bu/ffr soluiiont as wri! as Iwin^ used along with indicators fur matching 
the pH of media arc a!»o used for various staining methods The following mixtures 
yield tht pH b shown with suiTicient accuracy for these purpuscn 


Xa,Hi*0, iJ H,0 
MHIsoin 
p3 PO grms in 
l.OOOccI 

41Jf* plus 

Gl 0 

7J t) 

80 3 , 

sea 

ui 3 


KH.l'O, pH 

M, '15 soil! (approx) 

(figrms m 

i two c c ) 

5tl 5 . G 8 

3*l« <0 

JtO . 

la o . 7 4 

13 » . 7 0 

87 , 7 8 


Such s<dufuins with a saitaWc indicator udded say phenol red, can be purchased ' 
The) are supplied m hard white glass tubes — the so callc-d ' cordite ' tubes— of uniform 
diameter and thickness of glass And sitmlar tubes arc used in making comparative 
estimations lor example asencsol tobesot pH G 8 to S 4 (with differences M 0 2) with 
phenol red shoiv variatjuns in tint from pale yUlow to crimson SVe have in the first 
place, to ascertain how much alkali has to be added to a given quantity of medium — 
.'■> c c , in order to bring it to the culuur of the desired reaction, say pH 7 5 In such a 
case It IS canv enient to use two tubes with pH 7 4 and 7 6 resiu'Ctively, and to bring the 
tint of the medium to a point intermediate bctvicea the two A comparator r.ick to 
hold twg rows of tubes is used and ts <so arrai^ed that each pair of tubes (front and back 
row) can be superimposed and examined by light transmitted through them The 
scheme of such a comparator is shown m I ^ U07 In 1 and 5, two standard tubes with 
pH 7 4 and 7 G are placed , each contains pbcnid red to show the corresponding tint 

* Supplied by British Drug Houses. London test paper is also obtainable from John- 
son and Sons, Hetidofi. London 

* Colour standards are not permanemt and should be shecked at least once a year 
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o! medium w pUccd , m 2 a tube oI distilled waW 
1 oVit irn ® medium and solution of phenol red [itde infra) Thus the 

S S,S solution, and (c) phenol red | the ddiere“e 

being that in the case ot the standard lubes the iudKator is in the phosphate solution 
i *1° ts'u the uiedinm. The allih to be added 

is m the tonn of N/.O sodnim hydroxide solution containing phenol red This is prepared 
by tailing MO « of IsflO NaOH. adding 45 6 c.c of 0 02 per cent, phenol redf and 
mailing up to 1,000 c.c. \sith diatiiled iiater. A microburette is necessary to deliver and 
measure the solution of ajkalr; lor this purpose a I cc. pipette graduated to 0 81 cc 
may be used ; a piece o1 glass tube dtaum out to a Sne point is attached to the lower 
end by a piece of rubber tnbing yvitb a p/nchcock on the rubber to control deln try 
Before standardising, it is con\enicnt to bring the reaction of the medium to about 
pH 7 by the addition of sodium hydroxide, for example to a reaction -which pst gives a 
fine pink v\ ith coralline (rosohe acid) paper. Of this medium place 5c c in a cordite tube 
and add to it 0 5 c ot 0 01 per cent, phenol red solution.’ Note the tint as seen m the 
comparator, and then gradually run in the N/20 N'aOff solution till a tint intermediate 
betw cen the tints of the tv\ o standard tubes is obtauied Kepeat the process and tabe the 
mean of the two observations "Let the mimbcr of cc. of N720 NaOH solution = X: 

then X -*-20*= the number of c.c of a normal S'aOH solution, and the number 

ol cc of normal NaOIf necessary to bring a Jjtre of medium to the required reaction, 
namely, pH 7-r» 

Instead of the senes of standard luWs described above, a Loitbofii Compara/or *may 
be used, in which measured quantities of the indicator and medium arc imved, and the 
colour ts matched by looking through staDdard*colourcd glasses behind which a similar 
tube of the medium {without indicator) is placed 

The description given applies to iflnid medtutn. suchas broth It is best to sterilise the 
medium bclorc standaTOisaiion , and after the reaction has been adjusted, snbsequecf 
stcnlisatiou should be earned out at 100’ C. Even in this case heating tends to raise 
somewhat the hydrogen*ion concentration, and a tube of the final prwluct should be 
tMted by adding the indicator. QelaUn maybe treated in a wmilar way to that described, 
the medium being first Ii<)ucficd and kept at a temperature of about 30’ C 
In the case of agar jt \% troublc^mc to carry out the method as directed. 
the temperature necessary to keep the medium liquid. The prciCccJare usually 
IS to bring the broth t<i the requued re.rction and then to add the agar and hquciy « 

1 00 C The agar should be previously brought to a fine state of division and w eJJ w asaeo 

in water , if tins is dune the afiar has usually only a trifling effect on the reamioo ^ 

ogam, a test of the reaction at the finaJ product should always be , A 

done bv diluting 0 3 c c of the melted medium wnth 4 5c c of hot / S jlrttS 

adding'05cc of 0 01 per cent phcnolredsotutioa.a/fowingthem«ft«fetpcooland he 

comparing the colour with the standards 

RECLAMED AGAR 

Af,ir which has been employed for gtovyng ■ te- 


J One hire of usal agar which has been sterilised m the 

Koch at 100^ C . adjust the pH if necessary . , „ n H ' and steam at 100’ C for 

2 add lOgrms 'animal charcoalpowder ser*«W.BDH and steam 

ten minutes, cool to CO ' C . OD'' C. for one hour ; fiber 

3 addSOcc sterile scrum (horse, sheep, or ox) . steam <v 

througb Green’s 9044 filter-paper . jpO c c nutrient broth (and 

4 add 5 0 grms peptone which has been dissolved 

2 6 grins ol maltose), .ImliseiinteaiitKlavw , ,„erasr 

The addition of maltose is optional, its mam pu- jjjood plates may be 

of Slaphylococctn aui-ews, which is usually poor on c «> 

made with the reclaimed agar — 

r Made by diluting a 0 02 per cent solufioft » 
volume of distilled water 

» Supplied by Bntish Drug Honses. London. 


ope, cent nicohol "'111 
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DlSTnmUTlON OF MEDIA 

Mwlia aftvT prcparatum ainl hofurt' stmlKatiim. may either be placed in flanks or 
8crev.-capp<.-il bottlts m Imlk to l>e <iii>tnbutc<l in smaUcr nmonnts as rcquirwl later, or 
civ vj distnbutcd at once The culture of bacteria w asuatlj earned out in tc->t-tubes 
(convenienlly (Jii) b) ) »u . bu tf»r many purpi»r<> smaller IuIks. 4 in b\ J m . arc equally 
suitable anil more economna!;, also >a »ereH-tappc«l Ijotth-s (' L’niwrsal Confaimrs 
IVtruhslies, and, where larger amounts of growth arc rcijuircd. m Kollc llasks, etc 15c!ort« 
Use all ghssnarc should be IhoroughU cleansed (p 771) and usuatl} steriUscd Tor 
protecting the sterile mntents of ilasksand tubes from contamination with the bacteria 
of the air cotton-wool plugs arc U'nl If media are to be kept unopcnwl for longer 
than scscral weeks the plugs should be flamed and at once covered with s-tertlc kraft 
paper, since in a <hmp atniosphere moulds maj prow down through micotcrvd plugs 
A mciliiim thus protecteil «j! 1 ttmatn slerde for jears Whcneier a protecting plag 
is reinoveii for even a short time the stenlitv of the conttnts ma> be endangered 
An adv antage of placing incitia in fhiir final ciintaincrs 
directh after preparation is that repeatcil stciilisations 
are a\ mthd 

In filling tubes it i» convenient to employ as a 
reservoir for the medium a large glass funnel to wiiivit 
a glass notale is attached Uj rublwr tubmg faro must 
he taken to run the liquid ilown the centre, so that 
none of it drops on the inside of the np^KT p.vrt of 
the tube with which the entton-woo! plug will Ik- «n 
contact otherwise the latter will sul>»eqoenth stick to 
the glass and its removal will lie difhviilt In the saw 
of hqtiid nudtiim test tubes arc* lilleil ubuut <»«e third 
full Uith solid medium th< antount varies according 
to the purjiosc for whnh it is to bt' oseil In tb«- vase 
of gelatin, tubi’s filled one third full and allovsinl to 
sohdifs while standing upright, are Um c commonly 
used Uith organisnis needing an abund.snt supply 
of usyges the best growth takes place on the surface 
of thi nutlmin and so for practical purposes the 
surface ought to be as large as possible To this end 
tubis of sloptd modiuni are used (Iig 2VH fc) T«> 
prepare thev tuKs arc hlUd only about one sistb 
full (ind alter sterilisation are allowed t<> solidify hing 
on thnr suits with their necks supported so that the 
contents cNtcnd 3 to 4 in up giving an obh<|uc surface 
after sohdihcation Thus agar is commimly used in 
such sh/peii tubes (gelatin less fre(|uentl>>, and this is 
the p£)sition in which blood Sc rum is inspissated Xgar to be used for making 4 in Petri 
plates should be tulied in amounts of li to Ii> c c 

■iiiiomalic filler — fy/ing j model' enables constant amounts of medium to be 
delivered rapidly A large glass funnelactsas thercseevoir/or the liquid medium (broth, 
racUed agar, etc ) it is connected by indiarubbcr tubing with a three way stop cock, 
which >3 also attached to an sit glass 15 c c syringe The syringe is clamped vertically 
and an adjustable stop placed above it reirulates the height to which the plunger may 
uithdraivii and su fnes the volume which may be taken up by the syringe The tap of 
the stop cock is turned to the position m whicti the mtenor of the syringe communicales 
with the funnel The head of the llaid id the latter then causes the syringe to fill until 
the plunger meets the stop Then the tap is turned so that the funnel iscutoS from the 
interior of the syringe but the latter now oummunicates with the nozzle of the stop cock, 
whereupon the contents of the syringe arc forced out by descent of the plunger To begin 
with, air bubbles should bo removed fronv thesynnge by filling and emptying it several 
times bv hand 

Tubes of fluid me<ha are conveniently stored on a shelf with a sloping back, to 
prevent their faffing over and the contents spiUtag tato the pfugv Tubes especiaJfy 
of the less commonly used media, should be pilaced la large jars provided with loose 
hds, or the medimn be kept in bottles ptOMded with screw-caps, otherwise the contents 
tend to evaporate 

For a method of distributing culture media under stcnle conditions, tide p TdO 


^ iBi 


U 


LJ 


hift Tubes of mrdn 

■ Ordinary urriisM I'flf 
b Sltiprd lute 

( CUM (or ciiKures 0 

vB»rmb« 


Supplied by It B Turner & to , &-11 Cagle Street, Holborn London t\ C ! 
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SPECIAL MEDIA 


Serum and Blood Media 

yossd, have bee,; eut n„d the blood has bee„_fl„„.„g fo, so,SeTr(,hrfot blooT.^ 


overnight, prc/crably in the ice-chest The serum is then pipetted off. If there is anv 
admixture iMth red blood corpuscles, the latter can be removed by centrifuging With 
car^c sterile ■^crum can be obtained When it is desired to use the fluid serum as a 
culture medium jt should Ik heated as Jesenbed on p 733. and ffnaliy should be tested 
or stenhty after incubating for forty-eight hours at 37“ C. Serum may also be sterilised 
l>y nitration fp Serum sfenhsed by chloroform may be used m preparing certain 

media, c g I.ofllcr's . 

lllQcil sslijch IS to be dofibrinated is collected in the same siay. but glass beads are 
pJaced in the receiving bottle before it is sterilised and the bottle is partially filled It is 
then stonocred and shaken continuously for five to ten minutes 


infr 

^ ^ 

autoclave In the case of.,a sheep, the wool is clipped, the skin shaved, cleansed, ano 
sterilised The vein is made prominent by pressure on the side of the neck lower down 
Tiircdiiccthcchancc of contamination a waterproof bagshould be placed ever theammal's 
heacUo begin with I'or a horse the procedure is the same except that a small incision in • 
t»,« cixM eiioiiid h/* ni-ide Over the vein with a sharp knife. 


ana’sthctised, the chest-wall is shaved, cleansed, and the needle ispassea into me ■ 
blood IS then sucked into the pipette f30 c c per kilo of body-weight can be obtain^), 
anti IS dofibnnated in a stenle flask with glass beads Animals which have been bfea 
must be provided with ample water to dnnk afterwards 

Small fiuantities of sterile blood may be obtained from the marginal vein of thersbbi s 

ear by the following procedure The area is shaved and cleansed with alcohol and etnef . 
when the skin rs dry', melted vaseline (previously sterilised by beating) at a tempera u 
of abou t 34 C is smeared thinly with cotton w ool on both sides of the ear round the v ein 

. ... ♦K,, rtf Ike ear the vein has been rendered turgid, it IS 

med area Care \s taken that the blcwd 

For other details 11* p &07. 

Blood from the human subject is ootaiueu oy venepuncture Ascitic and h) race 

t 1 1. — ^ j {jie 


1 by 
nre, 
it of 


the serum The more slowly mspissatioii is - 

The apparatus used for the purpose is out of the vanov'^ or/ns 


of serum jnspis»aivi,tbe 

temperature being controlled by a regulator u ^ * ,4 f„r'in«njssated scrum 

«,gul.tea s«™. For most porposc- th» cn I f ^ <'>" 

A sufficient quantity of serum is placed lO a sene- A stcii ■ process of 

placed in a sloped tray, and heatgd in the Koch ai 7a C f a r ^ ^ 

heatmgiscarnedouttooquickly.bubblesofgasareaptto . „ Koch 

. ran he avoided if the serum is 

ispissationandstenfoa-o^ 

iat the scrum W ^ 


obtained with special aseptic piecautious 

1 Stenle oxalated horse blood, also horae serum luaj be obta 
tfom Burroughs Wellcome. 


commercially 
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LCfn«r*s Blood Serum. TluVmrtiium letpcciallysuitabto lor the Rr«v.th oi U rfi/'/i- 
ihemr, and may be u«od (or other organisms It has the (oIlosMng compoMtion . Three 
parts of cb){\ or lamb s blfxxj serum arc mucil ujth one part 1 per cent rIuco'-o \cal 
broth It can be made from oit or sheep serum and ordin.ary glucose broth without rts 
qualities being matbcdly jmpiireil The methtHi of preparation is otherwise the same 
as that described for CoaKulatcd Scrum If the medium has to be stored unucrsal 
containers should be iisoil 


Media Enriched with Blood or Serum 

Blood Agar. DefiUnnatcd or oxaiaUtl biiwxi is warmctl to 4.1 C , and added to agar 
of the same temperaiiire in the proportion of s to 10 per wmt , tlmroughly mived and 
pound into plate? or sloped buch medium ^uuld be incubated before use to ensure 
that It IS sterile 

WckkI agar plal«-s maj be |irepar«l with a ssvinj! of blood as follows I’our into 
the plate a thin la>er of plain meitcii agar (about 7 2 c c fora4in pfatel . when this 
lias set, pour on top oi it a sinjil.ir .nmotint of JB |*cf cent bUiotl agar 

Blood-Smeared Agar. This midium wa’w mtriHluml !» I’fntTcr for giiwniiR the 
inducnta bacillus, and it inA\ be usetl f«>T uri;aiiisnis which di’ not readili grow on the 
ordin.ari mtdi.r bloptsl tuln’s of agar .art* empl<«^e<l (k.ansca tmgir first with .'V per 
cent lycil <lr\ and then wa^h witli aliM'lutc alcohol \llmv the .ilcolml to esapornte 
I’ntt. with a needle itcnliscil b} hi.ii and, catching a tloip of bl'xxl m the loop of a 
stirile platinum wire smear it on the surfict. <»{ the agar Ttwm kivp the tube sloped ti'C 
alxiut ten minutes until the bloutl has coagulated Intubate the tube* ut 37 I before 
use. to mnkcirrtam that the) nrestinle \ninia) blooti niav also t>e used Agar poured 
out «n a thm la^er in a Petri dish ma> be snuand with blood m the same was and used 
(or cultufis 

Blooti Broth. Thcacldinoti to broth of |y jKreent uncoagulatcd sterile bltuxl eg 
rabbit’s Jields a fluid metlium m which many delicate organisms will gmw 

Boiled Blood Agsr < (.hocoJaic Agar ’) is suitable (or obtaining cultures o( U tnflit- 
#/w, meningococcus pneumococcus, etc Toftcc melted agar medium at <50 C add 
(I Sc c (about 10 drops) blood— rabbit* blood » suitable Heat the mixture b> immers- 
ing the tube in boiling water for one minute (not longer) . then allow to solidili in the 
sloped position Aclcar medium with similar properties is got by centrifuging or filtering 
out the coagulum before solKlification Boiled Mood broth is prepared similarh 

Peptic Blood Digest Media 1 1 tides) Keep a mixture of t.70 c c saline, Occ concen- 
trated Htl Ici c c defibrinatcd sheep’s blood and 1 grm pepsin (U P granulated) in a 
well stoppered bottle at iJ.> C in the water bath for two to lwent)-four hours Then 
add JO per cent .NaOlI suliition till a s.sfflple of the mixture diluted with water giies a 
permanganate ted col<;ur with cresol red indicator— atniut Idc c are required .Vow .add 
conci ntraieil Hi 1 drop by drop till a sample gives aimc«t no change of colour w ith crcsol 
rrd but gnts a red tint with phenol red— asoid excess of acid. 0 Jo per cent of 
chloroform is added to the mixture and dissoUed b) shaking This digest keeps for many 
months , before use the mixture should be shaken and a portion equivalent to J to 5 per 
cent added ( after healing at fii t for thirty oimuUs to remove the chloro/oritii with a 
stcrik pipette to broth or agar These mi^ia are useful for the growth of i'feiffer's 
bncdlub anaerobes etc 

Bordet and Cengou s Medium. Vn extract vf potato is first prepared by adding two 
pacts of WAtecconUimciR 4 percent g( glycerol to nw« part of diced potato . the mixture 
is then boded and the fluid is strained through gauie one part n mixed w ith tliree parts 
of a 4 per vent volution of agar in 0 C pci cent sodium chloride solution, and the pH is 
adjusted to 7 .5 , then the whole is stenhsed in the Koch I or preparing 4 tn plates the 
medium i» tubed in amounts of 10 cc To a tube of the melti^ medium at W C 
4 5 to 7 “t c c of sterile defibnnated rabbit s or human blood (obtained bv the method 
described on p 807) warmed to 40' C arc added and uniformly mixed The mixture 
IS then poured into Petn plates which arc kept m the vce-cheat and may be used until 
two weeks old This medium is very suitatde for the growth of the bacillus of w hooping- 
cough alvo for the gOTiococcus mmingococcuv and influenza bacillus 

Blood-Potato Agar (Kirkpatrick) Many delicate orgamsms, e g li tiijiugmes B 
ptrfi<S5i5 the tubercle bacillus gonococcus nventngocDccus pneumococcus, etc , grow 
well on this medium It consists of 100 c c Borijet-Oengon potato extract 300cc Long 
Digest broth, 10 grms agar fibre Dissolve the mixture in the autoclave at 11.5’ C 
(thirty minutes) , then adjust the pH to 7 $ with 4 per cent caustic soda solution Fill into 
6tn by I in test-tubes (6 c c per tube) and stenJiscin the autoclave at 120 C for fifteen 
minutes, then cool to 56' C and add to each taibe 0 5 to 1 c c fresh sterile defibnnated 
rabbit blood, mix thoroughly, heat in the boiliEig water-bath for one minute and slope 
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appendix 


ascitic or ■ 

Serum- ■ ■ 

sterile bio 


Egg Media 

Media coiitammg either the yolk, or both the yolk and the «hite of egg, have been 
used for the cultpre of the tvberch bsciHiis by Dorset and others For this parpose the 
eggs must be fresh, i e. less than a %eek old Also oi»fHir»e .1 „ . . . - 


w* i >j".i v-vivv. WAticiy byuitvou 01 crystal violet, bill 
the medium into sterile test-tubes or ' Universal containers,' avoiding the formation of 
air bells, and coagulate by heating in the Koch at 75" C (the tubes should be placed high 
up in the steriliser, in a sloping position). Sterilise by heating in the Koch at 80^ C. for 
tuo hours on three successive days The medium keeps for several months provided 
drj’ing does not occur If the surface of the medtunrhas become dry before inoculation, 
two drops of stcnle broth arc placed on the surface The inoculation material is veil 
rubbed over the surface of the medium (m the case of tubes these are sealed, eg, with a 
wax disk on the top of tlie plug) Crystal violet has the property of inhibiting various 
other orgauutns which may be present as contamioanU It may be adv isable to omit the 
dye when the medium is intended for cultures of the bovine type of the tubercle bacillus 
or for other organisms 

Glycerol Egg Medium is prepared as above by using heart digest broth to which has 
been ^ded 6 per cent of glycerol 


Ldtv’ens(eln-</ehsen Medium for the Cultivation ol the Human Type of 
Tubercle Bacillus 

Sall’Siarch solution A solution of the following pure substances * is prepared by 
heating in distilled water 


potassium dihydrogen phosphate 
magnesium sulphate 
magnesium citrate 
asparagine 
gljcerol 


.04 per cent 
004 .. 


The solution is steamed in the Koch for two hours and allowed to cool 0 “ ’v-.w 

3 grms uf potato starch > are added to CO cc of the solution and the ' 
gradually in a water-bath with constant stirring for fifteen to twenty sc’C. 

a satisfactory paste has formed , this is kept for one hour in t e u a cr- 
after which time it is ready foe adding to the egg fluid t.horougW> 

£ggJlM<i Fresh hens’ eggs (which must be fess than one % ecK / 
washed in a 5 per cent solution of soft soap, and then kf' L** .....jjlOOc c | 

tw o hours The eggs are now broken singly into a stenif \ cssci {- ^ j 

and the yolks and whites rendered hoxw^cncous by nn ' and to 

m a shaking machine, after which the mixture is fi f-> d thro ^ 

100 c c are added GO c c of salt-starch solubon prepar^ m of a - pvi" 

To 160 c c of the mixture of salt-starch and ‘‘aS ^..lir.'lnoubatcJ for one t® 
aqueous solution of iiialachtlegyeen in distilled water, which ha 

two hours beforehand .canned bottles, the raP 

The medium is now tubed in 5 ct amounts in * jnspi<sat<>r 2 nd 

being tightly screwed on The bottles are lawl on a s op«* r overnight and 

heated at TG" C for half an hour. They are allowed to remain m these f>o«5» the 

are heated again on the foWng dayat75 C for half an hr>u ^_^ 

* The ingredients may be obtained from British Drug lloosts T 
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medium w ill keep for many ni(>nth« . but slopc4 jn test-tubes must be stored m the cold 
and Ms«l Hithm a month 

Milk 

This U used lor obscratnB Ihe eflects. of bacienal grcmih m producins coaculation 
niul jn kmicnlmg the lict«>se h is prepnmJ os- fi>llov>s Iloil wcSl-skimmcd milk in the 
Kotti for ten niinutes . allow to coot amf filter tfirmish cotton woo! \dil <5 per cent 
litmus solution (p and adjust the reaction I'j!! into test-tiiliC'> and sterilise for 
twenty minutes on three successive days TIus is fi/miis wiirt The litmus may be 
omitt^ The reaction of fresh tndk is atkatinc If greater accuracy is rerjuircil. the 
mitial ami final pit and titratablo reaction mav be miasureri 

nVifv broth and uht\ o^.ir ar# used Cor Rrowtnp: fl aaJophiliis To skimmed milk at 
SO’ to 00 C just sufiiLicnt 10 per cent IK I is added to precipitate the casern — tins is 
estimated preliminarily scseral tirars on a smalt sample The duul u filtered through 
absorbent cotton wool and then jsaptr, and Uic pH adjusted to fi 8 to " 0 with Xa0.1J 
finally 0 5 per cent peptone is added and the mixture autoclasist at 120 < for nftcen 
minuttsand filtered to remo-vc eoa^uluro Tothis whev broth add 1 to 2 per cent agar 
for whej agar 


Potato and Cartot Media 

Latge pot.itora arc seicctetl . the surface is cleansed b) scrubbing in running water 
and cjlmuers ore cut with an apple corer or l.irfte cock twrer. then dmded lengthwise by 
a diagonal cut and washed in running water for at least twelve hours Each block « 
placed m a test-tube, tlie broad end resting on wet cotton wool Fill the tubes with 
distitleil water until the blocks arc compleielj covered plug and stenliss by auto- 
clating for five tntoutes ar f 111 tollfi'C on each of two successive days Fouroffthe 
water just before inoculating Varieties o( potatoes which arc highly suitable are 
’ Majestic ' Epicure ‘ British Queen , and Arean Comrade 

Carrot slices treated similarly to those of potato serve as a gomf mediuni for the grovvth 
of moulds 

Ciycrrol feUio tnedtum The methvxl of preparation is the same as m ordinary pntato 
medium, except that 9 per cent glycerol is used m place of the sUnIe water for filling 
the tubes 

Potato exlrai .1 prepared by adding 5 per cent of potato to water and sterilising the 
mixture by heat, is valuable for inducing fortnation of mycelium in certain fungi 


SELECTIVE AND ENRICHMENT MEDIA 
Numerous media have been devised for the purpose of isolating a particular organism. 
eg a specific pathogen, from a mixture They depend upon several principles In one 
form (r g MacConkey s medium) a substance ■$ added for instance a sugar, which is 
fermented with the production of acid by certain Organisms but not by others of related 
species , an indicator dye is also incorporated i« the medium so that the colonies of the 
fermenUng organisms have a difleretit colour from the non-fercoenters In the case of 
the coll typhoid group such media usually contain lactose which is fermented by the 
common cohform bacilli m faxes bot not by the specific pathogens Another class of 
^elective media contains some substance which in the concentration used either {a) 
specially favours the multiplication of the organism which it is desired to isolate 
relative to the others, or (6) inhibits the contaminating organisms while permitting the 
specific pathogen to grow, r e st selective antiseptic (« g tellurite media for the diphtfiena 
bacillus) For isolating organisms from a mucture with B proieus a reagent la required 
which inhibits the spreading of the fatter, while permitting growth of the others 

Media for the IfaJaDon pf M»mbtr» ol th# Coll-TjqihoW-SaJmoneJJa Croup 
MaeCookey s bUe salt lactose asar : 

sodium tanrocholate fcommerci^) 5 0grjns 

peptone {sugar -free) 10 0 , 

distilled water (the addition of b 03 per cent CaCl, 

has been recommended) i OOO c c 

Dissolve la the Koch at 100 C for thirty minutes, when cold filter add 25 grms agar 
fibre (agar powder usually SOgnOs ), di^ve jn the Koch for tliirty minutes , adjust the 
pH to 7 6, cool to 60 C and add 50 c c senun (sheep, ox, or horse) Steam again in 
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the Koch for suty minutes. Slier. To each lOOcc of SHrate irtrf T n i . 

grointanl 

mhibSrv ™ mike a '“’""'"'f ““P’' »!>°» » whether the medium ,s u»du”y 

^ ^ ^ f ®’'8htJy opalescent suspension of smooth B. dysattm<s (Flexnerl 

J mn “i th^ prepare dilutions of 1 : 10 l 100 

djlutjon on a plate of ordinary agar and of 
b le-salt medium respectively . incubate for twenty-four hours at 37" C , and note the 
abundance of growth It will be found that the inoculation with a particular dilution of 
the suspension gives on agar closely adjacent, but not confluent, colonies; the same 
dilution should yield a similar abundance of growth on a satisfactory bile-salt medium 
The colonies of any organism gning nse to. icid luU be of a rose-red colour 


lieclaitned ^tacConkey's agar 

I One litre of used MacConkty’s agar, which has been sterilised in the autoclave, is 

melted in the Koch at 100' C ; 

II .^dJU5t the pH to 7'5 if nece^arj' (test with indicator paper) ; 

3 add IC grms ' animal charcoal powder, lechmeaf. B D H.‘ and steam at 100’ C'/or 

ten minutes , cool to GO' C ; 

4 adcf 50 c e sterile serum fhorse, sheep, or oxj ; 

5 steam at 100^ C for one hour , filter through Green's 90f| filter-paper; 

0 add 0 5 grm lactose and approximately I c c of 1 per cent, neutral red solution 
per 100 c c filtrate , 

7 sterilise in the Koch at lOO’C fortwentymmutcsoncachofthreesuccessivedays 


Endo’s Medium: 


ordinary meat extract (or 0 5 per cent of Lab-Lcmco m 
water) ... . l.OOOcc 

peptone (sug.if>frce) . ... lOgims 

sodium chloride ... 5 » 

agar fibre cut into small pieces .... 2(1-25 ,• 


.Mix the {ngc«iients and heat m the Koch for hall an hour; add 10 c c of 10 per 
tent sodium carbonate solution Cool Jo SO' C and add 50 c c serum (ox, sheep, or 
burse) , steam m the Koch for otic and n half hours . filter while hot through 
To each 100 t c of filtnitc add f grm lac 
of basic fuclisin, and 1 J5 c c of freshly 
Stcnlce m the Koch for twenty minutes 
IS hot It appears pink jtt colour, wlie 

medium be pmk w hen cold the amount of sodmm sulphite present is msuiiKK..^ i - 
Jiird.uin must be kept in the dark Chromes ol lactose-lermenters ate ted 
These media will yield Bond results in the bauds of those 
MacConkey’s medium is that most used by Bntish workers, and it has the m 

BnuiaWOKeli Enricbment Medium |Bro»mne. Gdmour, and Maekie) 
has a greater inhibitory eilect on “ S'”;*! 

esoccksily the paratyphoid group The number of , 


0 5 per cent ) ■ 

free) IS used as a I ' ■'« p • ^ luk,..' 

a thick 
fortwelvetu 
- qnd strokes 
Two i-ia 

■ er twenty- 

typhoid or 


paratyphoid bactih is oDtameu noiu v-v .^rvcitol-lermeuieio, t « 

Some species of coliform baciUi. ^ m cultures from the faice 

'eites. are as resistant to brilliant green ant green 

)£ young children ‘ paracolon ' bacUh tend to be eJin Y 
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Te(rathlon»{e Medium 
(jJ 00 c c sttTiIc brotli (pH » *> . 

(fc) .> einib chalk sliTihsttl in the aulotlavc . 

(c) .* crnis VKlium tliio^olphatc cr>’staH dw-MiIvtd in «ater to make 10 c c and 
«itcrili-.».ni jn the KiM.h . 

{d) Oo Krm t'Kline (■rmtCKl Jrt a iiwrlar with Ot jrm pot.wium loilidc and dis- 
!.')l\cd in ^ufiiciciit water t«> make Set — stcnli'iaCion is unncccssarv 

The constituents are nuxetj and. wiihont iurther hcatini;, distributed in amounts of 
10 t c in steriU- plu(;(?ed tost IuIhsi t tube is inoculatnt with f.pces and. after twenty 
four hours' moulntion. subcultures ate made on a ptiw of SfatConkey a or l.nda’s 
medium U f’ro/fus, when present t«iuU tc» prcdominati in this medium (see Knox 
et at ) 

Bismuth Sulphite Agar Medium (Wilson and Utairl • contains kIucosc. sodium sul- 
phite. bismuth .-immonium citrate and t>nlti.int Rretn with or without ferrous sulphate 
As the preparation of tlie mediiim is elabor.slo. reference should bo matlc to the onsinai 
description It has Risen excellent results in the isolation of fl fvpAostis. D para- 
<>pAeo<$ It and U rii/frifnfis (Giertner) from i.ccn and sewaRo The rationale of its 
action Sf-rnis to be that brilliant Rreen determines its selective cflect, while m 

the presence of fifucosc li ivpho^us etc rciluce sulphite to sulphide, which acts on the 
bismuth the colonirs thus beins bhekenwj iTabct) 

- I’l.ilos should lie p>oure<l and usctl within thrt-e or four dais 

f/ts»ii<M-si<f/’Airr ( }\j, which isst.al>letn the dry state for several months when 

kept in a web stoppetcsl bottlv. mav be added to agar medium )U»t before use (Uobbs 
Kinj; and \lli»on) The reagents which are suiinient for I litre of finished medium, are 
placed tn a large drj’ mortar tn oriltr to proilticc a homogem-ous mixture very thorough 
grinOing is nsjuired after the addition of ocU ingredient cn the order shown 


bismuth aninionio uirate stales 4 u grms 

stxlmm phusphatc (NajHItSl 3 fl 

brilliant {fTcin Oyjgrni 

ferrous sulphate— dried (IcSO, H,Ol b -11 

sodium phosphate tNajUfO,) i 'i firms 

smliurn sulphite (Xa,SO,l 4 0 

dtxtprtc 5 0 


1 or one plate to 1 j c c of melted .'ig.xr mssJiuin add <l grni of the above mixture 
whicli has been heated nearly to boiling point in I to f .t c c water in a lest tube To 
ensure even distnbutinn. pour seviral tunes from ''no tube to another and thin into a 
■1-in I'ctn plate 

Silenitc Medium (Leif^on) Thi« fluid medium is used for the enrichment of tvphoid 
and p.irat) phnid bacilli 


sodium liidrogen selenite (anhydrous NaHSoOjl 0 -t grm 

monosudtum phosphate and disodinm phosphate 
(mixed in the proportion of about I to 5— so that 
the finished medium has a pH of 7) I P 

pcptiine 0 > 

lactose (or mannitol — Hobbs and Mhson) 0 4 

distilled water JOOcc 


(Hobbs and \iiiscm omit the nnsoosCKtium phosphate and adjust the pH by means 
of N/1 HCl ) 

Heat m the Koch for thirty minutes (do not autoclave) — this solution prepared with 
mannitol keeps indefinitely at room temperature . tube so as to give a column at least 
2in high Add 10 to 30per cent of a/irrafr/>rffmrM and emulsify . after tveetity four to 
thirty ?ix hours at 3"? C . subculture on desosycholate citrate agar To Mriii«, add an 
equal volume of double strength medium . or add the dry constituents of the medium to 
the specimen For sewage, add nine volumes to one volume of medium prepared as 
above, but containing 1 .^percent selenite For wfi*. add nine volumes toone volume of 
2 0 per cent selenite in 10 per cent peptone wa-t«- in the case of a highly contaminated 
milk dilute with three volumes of slenlc water and use nine volumes of this dilution 
instead of whole milk 

DesoxychoUte-cluate Medium fiide infra) is also valuable for the isolation of typhoid- 
paratyphoid salmonella bacilli ft la used as for the isolation of dysentery bacilli 


The medium is obtainable comtaerctiliy 



762 


APPENDIX 


Media for the IsotaUon of Dysentery Bacilli 
Media such as XIacConkey’s and Endo's show the presence of dysentery bacilli' when 
thi onf are readily suppressed by cohform organisms and 

the only selective enrichment medium is that o/ Lcifson ^ 

Desoxycholate-cllrate Medium (Lei/son—modified). 5 grms Lab-Lemco and 5 arms 
peptone (Amour s or B.D.H ) are dissolved in I litre of xvater by heating m the KochTor 

P” 1° * ® To 500 c c of the filtrate adj 

-P to -5 grins agar fibro and dissolve in the Koch. 

To the remainder of the filtrate while hot add the follomng reagents fBDH 
/M desoxycholate 3 0 grms . sodium citrate 

(Na,C,HjO, -lIjO) 8 S grms . sodium thiosulphate 8 5 grms , a solution of J O grni 
feme citrate (made by adding the red scale preparation to 40 c c water at 60 ’ C with con- 
stant stirring— this takes about thirty minutes). lactose 10 0 grins To this mixture add 
the solution of agar, then 2-S cc. of a 1 per cent aijueous solution of neutral red 
Pistribute m sterile containers or tubes Melt and plate just before use— it is desirable 
that the medium should undergo no further heating 


Media for the Isolation of V. Cholerm ’ 

Blood-AlJrall Agar (Dieudonnd) This medium, introduced tor the culture of the 
cholera vibrio, for which purpose it has been found extremely suitable, inhibits the 
gro'vtf? of most of the intestinal baefena, e g , D. (oh does not grow on it. or does so very 
slightly. E<tual parts of defibnnated ox blood and normal caustic soda solution are 
mixed and heated in the Koch for one and a half hours and this is repeated on eight suc- 
cessive days, as large a surface as possible being exposed, so as to aid removal of ammonia 
After standing further for fen days at room tem^rature. the solution is ready for use; 
It keeps for two months. Of this solution three parts are added to seven parts of 3 per 
cent agar medium and the mixture is poured into plates, which may be used at once 
Aronson’s Medium Stock solutions m distilled water— -(o) 10 per cent anhydrous 
sodium carbonate, (b) 10 per cent, sodium sulphite, (c) 20 per cent saccharose, (if) 20 per 
cent dextrin; each is steamed m the Koch for thirty minutes ToSOOcc melt^Sper 
cent agar medium are added 20 cc of solution (a) and the mixture is steamed for 
thirty minutes, then the following are added — 15 c c- each of solutions (r) and (d), l’2cc 
of basic fuchsin solution (3-5 grms m 90 c.e. absolute alcohol ffus 10 c c. distilled water), 
and 0 fi C.C o/ solution (hj ; the mixture is steamed for twenty minutes. Aheavyprt 
cipitate quick!}’ settles, and plates are poured from the supernatant; these may be 
sitorcfl m the ice-chest Colonies of V iMtra after t\xenty-lour hours at 37* C. ha'® & 
reddish centre and a pale marginal zone ; coliform organisms usually form small faintly 
pink colonies , 

Desoxycholafe-clfraie Medium and Bismuth Sulphite Medium (UUson and mair, 
modified by Read) have also txca recommended recently- 


Media for DlpMheriA BacIlU' 


and Allison and Aylmg's media are useiui lui 

selective antiseptic potassium telluntc solutions should always 

the salt, which is kept dry in the refrigerator. 


.fh nf tenlatins diphtheria 
. 'Vised 

ball’s 
Q the 

bo freshly prepared from 


Johnstone and Zlnnemann's Medium. . 

io» umptratun mat atM. 150 to 1.000 gnra of mneed mat ^ 

1,000 oc 4-woterkeptatJ8 C hr Me bout Tte flujO .3 th» ,que«=J ort 
Imt. left in the ice-chest overnight, and Mtered through papw 0 , ^ 

add 00 grms peptone (Parke, Pavi, 6: Co) and 5 grms P , ^ 

solution occurs Test the reaction by tataos M c c and '■'“'“S ,®qjj to 

.heonchoaueiaaii toding the fluid 

add mfficiei.t alkah to bring the whole of the m o 
“(yrng • disk , then Alter agam "'“"y. * 
sed in the autoclave. Distribute the 

tosks or tubes, several of which should he kept tor three days at 30" 0. to eon ri> 

Store the rest in the ice-chest. _ ^ rabbitWoodoroxalated 


Blood-Ullunte mixture Mix five parts tellurite and m- 

horse blood with two parts of stenie 1 ^pdefimtelyia theicechtstl 

cubateat37*C for one to three days This niixtare Keeps i 
it should not be used until at least three weeks old 
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130 c.c of tho nu'at <‘Ursw-l and 13n c c of 5 j>cr cmt sohitmu of aK.ir in oatcr arc 
thi>r.>«n;hK vnlNod at a tinipi-Taturc not abine.'H) ( .Uun J2c<. of Hic W<i««l-te!!ur!tc 
mixliifi' f»ull jih.ikon imnu-dinfclj l>p(<>tx*han(l) arr 3<Ukd and f'iaics are pound at once 
Hojie's Medium. \ Milution containing > percent fab I.eintn { percent peptone 
piko proteose or \ e.in'< 1 f) t per cent N.tCJ and i per tt nJ aijar n adjusted to pU 
■ K. ■<terih->fil in tlif aiiti'cl *\«> and itoml in il)f> « l <iiiaotitie^ 

Inl’Wicc of tlicafxiM afjar melted and -cooKd to 1>« <. adilfOce of Menie iafctd 
Jior'NC lifood anil 2 r c of a .1 .■» jur Lcnt 'xdnlion of piit.-issmm tfllurUe ini\ and pour 
into pl.itoi 1 riie blood imj be lakod «th« r (a) by frveting and thaning four times — 
store froun , or (il bj addint: «» t c v *>f autoclastd If) |h't cent solution of ' nhitc 
sajuniin to 10 e c bbHxl iibn h li.is been kipt at 37 t for fifte« a ntimitis. mixine gcntlv 
to a\oid frotliitu;. tluii repl.nm.; at d? C for hfUtti minutes Tins keeps in tbe 
rr friijcrator for se\»ral months i 

Isoi-tTinv ior the iioUitnn <il the diplithcria. batillus {and diphtheroids! in a 
pun. ^tatl‘. Unrxan .ind M.arsh ill s medium .iiid Mtison .ind \viin>;»art useful 
Hargan and Marshalls Medium imodlAed). lo Idee Drdin.»r> 2 per cent 
mednnn, miltid and brought to oO *. »<)<) i0« - of a mivtiire of cijual volumes 

of blofxl (from ox or horse which bj\ been dtlibnnsteil or rendered incoaxul.able (>\ 
the .whiition of otahatc or vitratc) and of .\ I .t per cent solution of potassium ttllunte 
in distilleil w.itrr f.i (>7'i ptr cent solution is preferable for Kohition dtrotlv from 
thro.it swabs IwinK less inhibitors) and pour into plitcs Fin. blood ti lluntt misturu 
keeps in the itv vlust without aseptn. pn-c.iH)ions for three weeks .md is most efbiUvc 
when .It le ist ihret d.it s old I'arish recomnKiids the addition of 0 ^ per tent ghisosc 
to the rliKcst br<»th b.isis used (or tlw prepar.stion of the ag.ir 
AllUan and Ayllng s Madlflcatton ol Douglas's Medium. 

lul 2 jM.r vent twitricM a.;AT <pH K) vwtls a Vsa'is of eithtt (I) Hartley s broth or 
{Jl iiK.it estr.ict pfu. } j>er lent jK-ptone (I’orke J>avisACof 
(A) sopjvit sidphaiv ( Vn.tlarl lo per cent solution >n disldlcd water 
l<) hum SI rum IW) c c 

hejuor trvpsjn co I Mien Sc Manbiirvsi 0 

potassium telluntf J per rvnt aijutuus solution lb . 

The atruRi is drawn from horse blooil which h.ts Uxo allowed to tint (it should bt used 
fresh and wulwwjt added vhli>rrdi>nn) , the h<|uor irypsm co ant) potassium tellurite 
siilutirin nre {iiiiUil M the scrum and the imtturc kipt m the rcfriKorabir lof tnenty*ft>ur 
(lours It is tiUervil through a Seitz fdhr into .v stcrite cintainer it may then he 
distnbutvd III amounts of III c s vn stvrih lK>ttlcs and stored in the refrigerator 

Tit Ibb i V of the ag.ir melted and coolet] to M C are added lO c c cl the sterile 
u>psiiii«i<l scrum telluntc nusture and Oo c c of the copper sulphate solution ^ftet 
thorough mixing the mtdiuiw whHh is tran'»parcnt is i>oured itvto sterile l\tn dishes 
.tnd dm cl in the incubator . it keeps will 

I NKu iuitNr(Mo\i.ktoN s-MkCHOOl To IfKIc c sterile Hartley s broth (pH 7 TtuT S] 
add 1 b c V ST) per ctnt potassium tellurite- and 0 3 e c 10 per cent copper sulphate 
I volutions (both in distilled water) and 7 i) c t. horse blood laked with s.iponin 

Ms (or Hovle s medium) This mixture dotx not te«t«ite to be sterilised further and 
Kcepswcll It Is distributed in d »t c amounts tn } (>z screw “Capfw.vl bottles inovulate 
cither (,«l dires-tly from the swab which shoiaUl ttnallv be squeezed out thorouclih b\ 
pressing it against the glass of the inside of the bottle above the level of the tiuid or 
i61 b) adding a latge loopful of 3 su'^nsion of a whole tulture on 1 oflkr s serum (made 
t/\ rmulsifviiiK the vulture in fhe condensation n.ilcr or in sever.al drops of brothi 
titer <i hours meubatwn. plate on ordinary- blood agar and incubate overnight 
I'ractivall)’ pure cultures of dijditheria w diphtheroid bacilli are got in this way 

SeleeUve Antiseptics 

The following sekvtivc aotisiptics are ustful (or the isolation of tbe organisms 
indicated ftoiTi mixtures with certain common vontani«ants The effective concentra- 
tions V ary soioewh.st according to the compobition of the mevht 

Cnsmf cioki i oitvcfitrations .•( I in 500 OIlO to 1 000 OOf) m agar or 5 per cent bioixl 
agar alloss streptococci to grow while tnbihihn^ Gtaav-pvrtitive sptirmg bacdli common m 
air and dust and aUo staphs iociwo 1 m 100 OOO permits growth of most Gram negative 
bacilli whibi kdling l«rain positive organisms 

ZJi.prrso; -L.N A 5 per cent aqueous soluttvin of ttws product U k- 1 ) is prepared 
(the drv puwcici tends to cause sneeutig) tt keeps indefindtf.v k concentratJon of 1 in 
500 in agar medium (0 4 c c .i( the wdution tis (0 c c agar) permits growth of staphylu 
COCCI and Oram negative bacilli hut inhibits spread of proteus To lO percent bloud 
agaT(c^ madcwithoxalated horse W«xid>add«6>v.c of thesolution per JOc c medium 
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IJJood not over a >« ..c~t ^ j i.^. 

ixothjnfradd thert 
Silver vitrate 1 


al^o Gram-positive sponiig aerobes. 

Thallum acetate \ in 1,000 in agar inhibits li. tyoc\aneus and B. proteus but 
allows stapbjJarocci and streptococa to gronr; ,t is useful also for isolating pleuro- 
pncumonia-lilve organisms jlidward) ' ^ 

MEDIA USED FOR THE OBSERVATION OF CHEMICAL ACTIVITIES 
OF BACTERIA 

Fermentallon 0 l Sugars, etc. The capacity of ccrtzin species of bacteria to ferment 


tue processes as an aid to t)ie identification of bacterial species, depend on two kinds of 
changos. namely fa) the formation of acids, anti (b) the evolution of gases (chiefly 
carbon tlioxide. iiydrugcn. and methane) CcneralJy speaking, these te^ts art* reliable, 
and the methods to be pursoeti arc simple For the estimation of other products, 
alcnliuls, etc . and tjie identification of the acids special chemical procedures may be 
necessary In addition to such gavs as tho!*c named someorgaTusmsgJvcnsc to sulphur- 
etted hjelrogen by breaking down the protein 

Besides sugars, closely allied botlics, alcohols and glycosides (which are combinations 
of a sugar with other substances) may also be acted on b>' bacteria It is essential to 
• • • -- *-'‘«* •■i-ce a mi'cture of several 

rom a substasce which 

, followiBg lermentahle 

substances arc commonly employed 

Afotiosaccharttles /ViJ/ores-— arabinosc, xylose, and thamnese Hexoses— glucose 

(dextrose), fructose (brviiJose), mannose, and galactose. 

Dtsaechartifes Tacftisc, saccharose, maltose, trehalose 
TruneeJmndes liafiinti«o 

PolysacchanJef Starch, inolm, dextrin, glycogen, cellulose. 

Alcohbls Glycerol, er)tlmtol, adonitol. mannitol, dulcitol. sorbitol, inositol 
Glycoitdes Salicin, conifenn. irscuhn 

In testing the ctJcct of an organism on a given sugar it is essential ^ 
alone be present , the basis of the medium ought therefore to be either pep o . 

or casein digest broth (p 738 ) In the case of organisms rcqumngseroni for toeir er 

Hiss’s scrum water medium is used, or peptone water (with or ^ orooorfioii 

sterile serum has been added The sugar or other substance is ad ihen^stwiliscd 
of fromO 5 to I percent If the sugar is dissolved m the medium an heated 

tliere is danger that the sugar may be pre/eLw-- that the 

in the presence of substances such as alkalis Therefore p . 
addition should be made in the form of astenle 10 per cent comolelcd medium 

tion being effected «n the Koch or by filtration In ^ ^ control un- 

should not be heated above 100' C In all tests in vvhichsuo ,. 5 ‘35 changes in 

inoculated tube ought to bo incubated along with the Tests m 

reaction sometimes occur soonlancously in media con ° 

which sugars are used are -lous 

Develomient of vn a 'cads 

... X __ .„j. s, so 

even several w eeks 


part of scrum (ej^ 


■ tnjra} 
of o 


■s) and 

laTious 

lentof 

of tbe 
m the 
4 con- 


steam stenhser. the same precjuuuas 



CULTURE-METHODS 755 

taininR sugars TIwt. have been extensively used in studying the fermentative properties 
of strcptcKTOcci and pneuttiococci, etc As contn^s, cultures of the organisms shoufd be 
made Jn the ssmesf^t'Cinien of semra »atw mcdtcim from which, haiievcr. the sugar has 
been omiltetj 

Servui-peptoue-ualtr iiirjia Tcplonc watir, with w wjibout agar, to uhjch 5 per 
cent, scrum has Ikto atUioiJ. may be used Tlw use of iinhcattd scrum m such media is 
a source of fatlacv, eg horse serum contains amylase and maitasc . houever. these 
ellIJlnc^ arc dcstrujctl iti one hour ai fi." C 

fvVriiin uaUr-sietrch iHei/mw Tim nndium should be ustd within several weeks ol 
preparation, as the stftich gracluaflj hj-drolvses on standing 3 per cent of soluble 
starch IS added tosferde dis tiffed water m a setew -capped boitfc . the cap iv screwed on 
and the IxniJe shaken i igorauslj. then it is placed m a natcr-bath. brought to the boif 
and kept IxuJing for five minutes sliaking Jjrtnj; n-peated several finics, so as to ensure a 
uniform '.olniion W hen cool add. vvjtb asepUt prccantinns 5 per rent of tins solution 
to the serum water nu ilium. » e to 3 c c add <> 15 c c (5 drops from a Pasteur pipette) 





IsOiCvloRS 

To any of the ordinary media litmus may be added During the dev’elop 
ment of an acid reaction the colour changi* to pink, and m,vy subso<iuentiy be dis 
cliargi^ The rlis.idvantagi’ of litmus is that the cofour change with it is not very sharp 
3 ho litmus IS addixl ticforc sterdis.iJwtt. as a strong Mutery- solution tit suflieicnti^oantity 
to give the medium a Uistincti} bluish tint Litmus solutioa 
18 mado as hiUows Solid commercial litmus is digested with 
pure spint at 3<l C till cm adding fresh alcohol the latter 
becomes only of a light violet colour A saturated sotutiorr 
ot the residue is then made in distilled water and alloweil to 
stand until the sediment scull's or it may be centrifuged 
Ultcn this IS diluted with a httle distilled water it is of a 
violet t.<iJc>ur which further dilution turns In a pure blue 
To such a blue sohitjon very weak sulphuric acid (made by 
adding two drops of dilute sulphuric acid t<v Sbo c c water) 

» added till the blue colour is turned to a wme-red Then 
the saturated solution of the d>a is added tilS the blue cnlour 
returns ' 

reii Thn dye v>.ts introduced by Grunbautnand 
ffumo as an aid in determining the presence or absence of 
members of the /f toh group, esfvecially in the examination 
of water The media found most suitable are agar or broth 
containing 0 fi per cent the sugar t« Ik* toted, to which 
0 5 pet cent nl a I per cent watery solution ol neutral red 
taadded Thealkalme medium isofayvlfowish brovvncolotsr bxeWna 
w hich in Che prevence of acid passce into a deep rove red ^ puihsm * tcroicnwiion tui>t 
Sometimes jo cultures there occurs subseifuently a change « toiuts fermwiwm t«t« 
to a thioresccnt green, caused appatently by a change in 

the composition of the dye as the ttuorescewee is not discharged by addition Of alkali 

Andrade’s indjfolor An aqueous 0 5 per vent solution of acid fuchsm is decolorised 
by the addition of N/l b'aOH About 16 c c are required for Il>l> e c of the dye solu- 
tion if the mixture is stiif rnf after standing for tfvre* hours I c c farther of the caustic 
soda solution thoufd be added . i per cent nf this mixture is added to media Media 
with a pH of 7 2 are red when hot but faintly yellow when cold Acid formation 
restores the red colour 

ffroMitresef purpls The sulphone phUustem Compound bromcresol purple IS a useful 
indicator It has a purple colour in neutral or alkaline solution which becomes > ellow 
w hen the reaction i* v cry gfightly acni heace it is a efcficate indicator for detecting acid 
production I c c of a J 0 per cent alcobcslie »rf«twO is added to I, POO c < of medium 

OiS FoR'MTioJs is observ ed by the follAwing methods 

i>i(rAaw s lube (Fig 2oy, a) A small test-tnbe is inverted and slipped down into tb" 
empty culture tube, which js then plugged and sterilised lu the autoclave The medium 
which has been previously sterilised, is tubed with aseptic precautions and th« tubes are 
finally heated m the Koch for fifteen nwnutes on each of three successive day's The nir 
retnamingtn the smaller t«b« ts thoreby e^poOetl The tub? ts then inoculated with the 
organism to bo tested Any gas dovulcqied ctdlects ift the upper part of the inner tube 
As some sugars are expensive, it »s well to ammge the Durham apparatus with small 
culture tuties, as with these a satisfactory result can be obtained with only 1 cc of 

‘ Johnson and Sons, Hendon. Loodoa, supply a ponfied preparation of litmus 
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medium (Tubes of medium conlaining the eanous sugars etc,, may be distmguished 

by using cotton-upol stoppers dyed differeut colours) u>i.i!,»™itu 

SrnlA's f,rr,m,lalm, mhc (Fig 209, i.) TOs consists of a tube of the lotus shOMii, 
and the figure also indicates the extent to which the bulb ought to be filled, the closed 
hmb, of course, bang fuH It is in^iilat^ m the bend with the gas-formmg organism, 


solution of caustic soda, and presence of hj*drogen by ignition (see under U coh\ 

The pH and reaction ol cultures. In certain cases it is necessaiy to ascertain the final 
pH reached ivhen an orgnnism has grown in fluid medium containing a sugcir i'or this 
purpose the initial pH is adjusted and the medium inoculated . then after the culture h.is 
been kept for a standard time the pH can be ascertained iMth sufficient accuracy /nf most 
purposes by testing portions with a universal indicator mixture or with a serus of 
indicators which have overlapping ranges. Where only small amounts of fluid are avail- 
able the C D H ' Capillator ' may be used 

The titratable acidity may also be estimated in the usual way by taking s measured 
volume of culture and, with phenoI-pbthaJern as indicator, finding hoir much -NVlh 
XaOH IS required to restore the reaction to that of the original medium 

Indole Production. The formation of indole from protein by an organism sometimes 
constitutes an important specific characteristic. To observe indole production the 
culture IS grown, preferably at 37" C . in n fluid medium containing peptone. The latur 
may cither be peptone water or CCV broth made with of the usual amount offcast — 
the tryptophane being the component from which indole is formed Any medium con- 
taining sugars must be avoided, as their presence may inhibit the production of indole 
The amount of indole produced by bacteria seems to depend on certain unknown 
qualities of the peptone It is well, therefore, to use a specimen which yulds a good 
reaction w ith a culture of a known indole-produccr. f g. D eoh In general, a v* eJi grown 
forty-eight hours’ culture is used for the test, but an older culture may be pcccvsarv, 
gg seven days 

Chrheh's rosindole reaction Bobme showed that for ease of application and delicacy 
the reaction possesses great advantages It depends on the lact that paradinu'thvl- 
aminobenzaldehydc unites with indole to form a coloured rosindole 
presence of an oxidising substance such as potassium persulphate (KjS,0s) Two so u- 
tions are required 

(1) paradimethylaminobenzaldehyde • • • prma 

absolute alcohol . . . • 

concentrated hydrochloric acid . • • ' 

(2} potassium persulphate - • saturated water> solo i i 

To 5 c c of a culture of the organism m a suitable fluid medium add I ‘“’j 

then fee of (I’j, and shake well. »f ‘"dole be present a r^-rcil cohiuw pf 
to S minutes Sometimes the rose colour appears on ? pound can 

addition of a special o.xulising agent is unnecessary , ancTt^us sho»W H- 

separated from the culture by shaking the latter umY co^ 

done in cases of a doubtful that nr> real uacuon 

city 

rul- 

the 

the 

oer^ulphatc solution and then culture l’U« 

For the qLntitativc estimation of indole. t-Uracted with iwa 

lU c c Of culture acidified with one drop of ‘^^**'*” , ^0 r j Ihird txtractK’H 
successive Id cc amounts oi light petrrfeum fB * i^.d extracts arcwaih-d 

n,ay be made w ;name complete po- 

p?ep„e,l .a 

added 1 c c at a time A gtauaam 
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meilium as Ihe culture and trcatrsl sitnilativ The rosindole from tlic culture is then 
compirrd with that from the st.indanl in Xes,sl<T tulws Milktncss m the solutions is 
remoMHl by immersing both tuU-s in iHutinK water for the same time, a few minutes 
being sufiicient 

CucJ.t's tfsi \ strip of filler-paper which has liecn dipped in warm saturated 
watery ox.ahc acid solution and altnwid to dry is inserted into the culture tube so that it 
presses against the side and rem.ams near the mouth The culture is thin incubated 
The desclopmmt of a pink tint m the oxalic acid crystals on the paper indicates the 
iotmMv’n of indole This test n stated to be highly sinciftc for indole 

Sulphuretted Hydrogen Production. Strips of filtcr-papiT about 0 I by !> cm soaked 
in "-atur-ited lead acetate solution are autoclaved in a plugged tube and dried at 
120' C A broth or agar culture is inoculated with the organism to be tested and a 
strip of the paper is in'crtid into the mouth of the test-tube «o that nearly one-half 
projects beneath the cotton-wool plug The culture is incubated and examined daily 
for darkening of the p.ij'er, which indic.xtes ll,S It is imitortant to use in the medium 
peptone which vielils a poMtive result with a known prcxlucer of H,S such as H roll 
Ihsmuth ammonium citrate incorporated in a suitable medium is st.sted to be a very 
delicate reagent for II, S (Hunter ft al ) 

Koser’s Medium (or Cltrate-utlltiation. Sodium chlondc <*>0 grms magnesium 
sulphate 0 2 grm . ammonium diliydrogen phosphate 1 0 grm , dipotassium hydrogen 
phosphate 1 0 grm all dissolved in I litre distilled water io the solution add 2 1) grnis 
citric acid and bring the pll to C R with N/l NaOil Tube m f> c c amounts and 
autocl.svc at UO C for in minutes This alternative formul.v [iide p 3lS) is recom 
mendeil m llef> I'tib lltih ,1W Sufd . No 71. 1!*39 (3(inistry of Health) 

THE MAKING OF CULTURES BY USE OF THE ORDINARY CULTURE MEDIA 
Cultures may be made m order to grow organisms either from material suspected to 


organisms or when these arc rc<iuired m large quantity 

Manipulations mv olving the transference of small quantities of bacteria to a medium, 
as in the inoculation of tubes arc effected by platinum wires (Nos 26 or 28 Imperial 
Standard wire gauge — corresponding to 
0 437 and 0 381 mm thickness) hxed in 
glass rods 8 in tong nr in aluminium 
holders A sub-.titute fur platinum wire 
IS •resistance wire', No 27 ISWC 
mounted in an aluminium handle r.very 
worker should have two wires One is 
in long, and has a loop turned upon 
It (Fig 210, e| . this IS referred to as the 
■ loop ' and IS used for many purposes — 
taking a loopful ' is a phrase constantly 
used The other wire (Fig 210 6) ought 
tu be 4^ in long and straight , it is used for 
making stab cultures A platinum-mdium spud is also very usetui lor making scrapings 
from organs and for disintegrating felted bactenal cultures . in such manipulations the 
ordinary wire bends too easily The spud consists of a piece of platinum-indium about 
37->cm long 1 3 mm brnad and of sufficient thickness to pve it a firm consistence its 
distal end is expanded into a diamond shape and its proximal is screwed into an 
aluminium rod 

If a platinum wire he.vvdy charged with bacteria be sterilised m a Bunsen flame 
'sparking' may occur and unkilled bacAcna thus fall on the bench In working with 


cnzico- 


inzDo 


• llaUnum lonn 

» Siraight wire toe nrdmiry puncture miiciiUti'>n> 


sublimate instead of being heated 

1 I’seudocolonics are an occasional fallacy , these consist of local pret ipitates 
from the medium vvhich resemble colonies to the naked eye and which mav yield a 
subculture ’ on transfer to fresh medium 
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Cultures on a solid medium are referred to aa fll ‘ ounefurp • nr - » r t.. 

.vhen made on medium solid, ffed in the uptight position ; snch cultures . f M ag^ Ire 
‘r "’“'"'“'"“'S orsanisms alive for tong pmoils, since they dry tij less Sicklv 
than slrolccii lures. (.) Cultures made by inoculating the surfoce n/ stoned medium are 
called stroke', 'slope', or ' sl,a„t_' cnllui^. Similar stroke cnltures nf.yTe made on 


To jiiaA* fl subctdiiii’^ cm ait agar slope from another culture. The tivo tubes are held 
between the thumb and first two fingers of the left hand, in a slanting position, towards 
their lower ends, with the sloped surfaces upward, the mouths of the tubes being at least 
an inch apart. Then ■with the right hand rotate the cotton-wool stoppers of both tubes, 


hand tetnovc the stopper of the tube from which the inoculum is to be useu, auu' 
retain it there ; flame the mouth of the tube. I’ass the needle into the tube and touch the 
medium to ensure that the ivire is cool (if the wire is too hot it will be seen to melt the 



no. 2ii. 

lloHow.ffreuntl slide for benzine: drop culture, sho-*-!* in section aniJ plan 


medium, one • 

iiith the Hire, 'icsccond 

tliepointsof 

(avoid cutting into the medium) Withdraw me vni« . iwu- — inouffi o „ 
and replace the stoppers m their rcspecti\-e tubes ; then stenhse the nreamsm 

before laj-ing it dow n (i,abeJ the fresh culture at once with the name of the orga 

and^thc^atc ^ obtaining large amounts of surface grow th on solid medium 

has been desenbetf by £pstein and Cliain . ,nto 

To ntaJie a stab culture Use the straight wre charged wth 3^o,d 

the centre of the medium, taking care to withdraw it m the sam . 


of the contents being incorporaieu wim .v 
suspension is produced W’hen large quantities of c 
able to use bigger inocula This ta the case akc.^ 
subcultured When the inoc 
Hanging-drop Cultures, 
the microscope hangmg-dro 

.» vvwl,, S„,f.lble fOl Ul.»v.»... 


*-ron the watt of thetu^ 
0 as to M ash the matena 

the tube, severaHoopfub 

mie, so ttot 1 uodorm 
fore are required, U » 
hen delicate organisuM a»e MiOo 
It... bf used .....a/rr 
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nudine ol the strri3'* co\ cr-jflav* If the &r{;anisn> m Kfoxung on a solid me<Jium. a 
loopful of sterile broth is placed on the cos'er-Rlans. ami a verj- '>niall quantity of the 
Culture (picked up with auirr) is rubbed up in the broth The cdpc of tlie hollow in the 
slide IS then painted with \asehne. ami the slide, held with the hollow surface down- 
wards, is lowcretl on to the cos'cr-class, to which it ofconrsi' adheres The slide with the 
co\cr attacheil is then quickly tumeil tiitht side up The mcthml of microscopic 
oxamination is describid later 

To make a hanRing-drnp cuUnre with a solul medium a drop of melted gelatin or agar 
U substituted for broth ami tbc surface inoculated alter solidification 

//an^iiig-i/rop cii/liirf of moiiWj An indiarubber washer in high, about in 
internal diameter, and of a sue to lie complculj on a slide is luted on with lanolin, and 
a drop of water IS placed on the slide within the ring Then a large drop of culture medium 
(llmd or melted) inoculated with the mould is placcil on a thin sterile slide The slide 
with the drop is mvcrteil over tV- ruhlicr nng. the surface of which has been smeared 
with lanolin, so that an mr-iight cell results 

IvocuLvTixf. Room or lloon Whore there is special liability to contamination 
from atmospheric dust some form ol inoculating room or hood should be used m which to 
make cultures In its simplest form this consistii of a large oblong box of wood or metal 
which sits on the bench It has glass windows on three sides . the fourth side, corre- 
sponding with the front of the bench. consists m its upper part of a sloping glass window , 
while the lower part has two apertures through which the hands and arms can be inserted 
These apertures arc protected bj tiaps or sJees'cs of rubber A ventilator lightly packed 
With non-ml'ammable cotton wool is fitted on the top Hlcctnc light and a Uunsen 
burner .are provided Tlic inner surface is freed from dust b> wiping with a cloth soaked 
in antiseptic solution and nlyint half to one hour licfore use the interior is well sprayed 
with water from a fine spray so as to remove floating dust as far as possible 

Growth of Cultures tn Ale containing Excess et Carbon Dioxide 
The addition of 5 to 10 per cent of CO, to the atmosphere improves the growth of 
thany bacteria and is specially advised when solid CCYmetlium is used A simple method 
of Securing this excess is to inculmte the cultures m cylindrical tinned iron boxes with 
prcss-downlidsin which CO, isgenerated ToraOtn bySin box (about 3^ litres capa- 
City) 6 per cunt CO, is obtained b> inserting along with the cultures an open tube 
Containing 8 c c of 25 per cent KCl into which a marble chip weighing about 0 7 grm 


momentarily to enable cultures to be taken out or inserted without much change occur- 
ring in Its atmosphere When a larger proportion of CO, is required, cultures may be 
placed in an anaerobic jar. the air reduced to the necessary extent by a pump and 
replaced by CO, from a cylinder, etc 

THE SEPARATION OF ORGANISMS IN CULTURES 
Plate Cultures. The general principle underlying methods of separation by plate 
cultures IS the distribution ol the bacteria in or on a solid medium, so that the colonies 
formed by the individual organisms (or small aggregates <jI these) are sutficiently far apart 
to allow their being examined scjiaratily 1 or the purpose cirt ular shallow glass cap- 
sules. each fitted with an overlapping cover (usually of 
glass) are generally used, these arc known as l*etn’8 
plates or dishes (Fig 212) The medium (15 c c for a 
4-in plate), after being mvlted, is poured into a sterile 
plate and allowed to solidify, so as to form a thin layer 
in thi-> way the colonies which afterwards grow are 
readily accessible (It is advisable to cool the agar to 
about C before pouring, so as to minimise formation 
of condensation-water The plate should be gently 
rocked immediately on pouring to ensure even dis- 
tribution ol the agar . and in cool weather the plate 
may be slightly warmed beforehand to obviate the agar 
Setting before it forms a uniform layer) In one method the material containing the 
bacteria is smeared over the surface of the medium after it has solidified in the plate — 

■ method of successive strokes ’ In another method the organisms are mixed with the 
medium when in the melted state and the mixture is then poured into the plate and 
allowed to solidify — ' dilution method' 



Tic 212 Petn's plate 
(Cover shown partially raised ) 
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sifokn JS conveB^ni . . 

have th 
«hen t' 

melt the mecl 
can be stenli 
are on a s«£ 

surface of the mcuium, alwaj-s 

'vith it. In tins ^\ay the or''^ 
strokes they may be dcposi 
The method of spreading dc* 
plates should always be incu 
the Surface by condensation 
are kept wth the medium s 



Fig. 213 Diasrani of method of inocubttn? plate from 
fs’ces. (After Medical Research Council’s Special 
Keport \o. 51 ) 


same portion of the swab If the material to be examined is fluid, e ^ an emulsion of 
ftcces. a usual method is to place a loopful oit the surface of the medium, and then, with 
a sterile glass rod bent at a right angle, to smea ' ** " " 

found, on microscopic examination, to be very 
to dilute with sterile broth before making the 

which appear on the plates can be examined with a hand-lens, magmfymS about 
6 diameters In some cases examination under a low power of the microscope an ad- 
vantage , the plate in the inverted position can be put on the stage of th-* microscope tor 
this purpose For the culture of special organisms, as aften\ards detailed, other media 

are used according to the grow th reqnirements of the organisms 

When making c . r « ^ 

enteric and dj sente 
isolated colonies 


loopful of fluid fa;ces or of faecal emulsion is .ircad on the medium at one .“."j 

plate in the area A . then, without rechaigini> the needle successive senes op 
strokes are made in different directions (era senes in t *e direction /j.t'nart 

lines B, a second senes m the direction sho * n by the hnf * C, ^ 

of the loop being throughout kept in contact with the m -dmtn I lat« wi 

Qf4in areuseful. as the layer of medium must not be tc.jthin. about oc 

The principle of successive strokes may be aK^Ued also to agar m tu . 
so satisfactorily. Several agar tubes are taken, a pi itinum loop is c ri, 
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material to Ik: examined, and in each tnlw wrral \crticnl stniUcx arc made from Mow 
iijmards on the surf.acc of the nj?ar, one tulv after the other beinR used without rccharR- 
inc the needle The tulx's aftir inoculation xhould he kept in the upri>:ht position, so 
that the water of condensation will not tun over the surface 

Difiition If elhoil In this mcthivl the itactena are added to the medium when lujUKl 
and mixed by rolling the tube between the palms of the hands (to a\ cid shaking, w hich 
causes air bubbles) . the inoculated mednini is then poured out into a plate and allowed 
to solidify As in this case the orKantsms arc distnlmtud throughout the medium some 


plate being preparcil for each If g* latm is used, the medium in tubes is melted and kept 
111 water at abimt 2S C Kag.ar is used the medium is melted by boiling in a watir-bath 
.and then cooled in a water-bath to about 4.» ( at which temperature the mocuhtions 
ate made The following are the details 

The contents of three tubes, marked (with a grc.ase pencil) it.fc, e. arehquehedasabose 



described Inoculate a with the bacterial mixture The amount of the latter to be taken 


loops of medium from a to 6 Mix b and transfer five loops to c and mix The plugs of 
the tubes arc in each case replaced and the tubes returned to the w atcr-bath The con- 


^ ' For accurate work 


It will be found convenient to carr^ out the dilutions m deAnitc 


to the thud and so on ihcre is thus ellectcd a twentv-lold dilution m each successive 
tube 1 inally, a definite amount, say 0 05 c c , is tran'ilened from each tube to a tube of 
melted medium, the medium being afterwards plated and the colonies counted when 
growth ociurs (One pipette will serve for the senes if the highest dilution is plated first 
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andsoon) The number of tubes required will vary accordsnffio the numVmfK, , • 

m the ongmal mixture, but usually four or five will be suflicierit 

ay "Peated ' plating ' from a single colony in successive subculfui-es ourp mb., 

oTt « ■■ ‘'■= fo 

In the wcamjnatjon of pJatocuHures a ton -/M«er hmecu.ar microscope [1‘latg Culi„rf 

ilJirrorroM is usefal By means of it one may study the characSs ‘oY M„2a 
“J™. are s» 3B , also the matas of subcultures from tfae”, 
facilitated A magnification of ten is generally useful 

Cotniting the niwiher ofhvingiacfma m a fluid. This may be effected by the dilution 
method the p^viso being always made that they are capable of growth (n the medium 
used, bor pathogenic organisms one of the agar media is generally used ; in the case of 
water, gelatin may also be employed The dilutions are made by the quantstatise 
method, and a given amount. My 0 1 c c , is_ taken from each of a senes of dilutions and 


duced If the ruling is in the Jonn of squares of given size, the number oi coJonjes ja 
several squares is counted, and as the area of the Petri dish can be got by multiplying the 
•square of its radius by 31. the whole number gan then be calculated Petri dishes may 
not be flat, and unequal distribution of the colonies has accordingly to be taken into 
account 

Separation ol Sparing Organisms by Killing Son ipered Farms by Heat. IVhen a 
mixture contains spores of one organism and vegetative forms of this and others, then 
if the mixture be heated for thirty minutes at 70' t 
be killed, while the spores will remain alive and 
different media should be inoculated and treated 
very variable 

Separation of Pathogenic Bacteria by Inoculation ol Animals. It is difiicult, and often 
impossible, to separate by ordinary plate methods certain specific pathogenic organisms, 
such as B tuberculosis, B w/aWri, and the pneumococcus, when they occunn conjunction 
with other bacteria which tend to outgrow those pathogens A method adopted I" 
cases IS to inoculate a susceptible animal with the mKture of bacteria, wait uatcl the 
specific infection develops and inoculate suitable media from characteristic lesions 
situated away from the seat of inocuUt/on (p 803) , . , ,, 

Cultures of Bacteria from Single Cells. A number of methods have been dei'is^ tor 
the purpose of obtaining pure cultures starting Iiosn a sinsie onanism A dimcui > t 
such w ork IS that isolated organisms may fail to yield growths Bum s incha-mk ne tM 
consists m suspending the organisms in dilute mdia mk and depositing . 

fine pen a number of minute droplets of the mixture on the surface o u n 

^ ,.,fh a rover-sbp and are examined under tne 


• ‘ ' ■ ■ ' • » • opful of a 

• . • _ . .of a bent 

twelve-hour broth culture, eg <Ji a <•(•*. at th" euJ of «h/eA 

glass rod The plate is then placed m the and^he organisms arere.id^> 

time mill t, plication IS just begmmngre the Ld ifs ^ J 

.ihich 

. some 

'“‘"■‘'n/vuth 

.jcpi«e 
-ded by 

micrometer it is possible to legisui - i.^tn ma.i. . • , 

careful drawings of the lines The^ide is wow filir-papcr in the p!J' . 

the atmosphere tens “'P* dee, eel I*;?"™' ‘“5 Stir 

gronf r.are how’cver, must be taken a colony has f 

.ntHlOHWcd^O 
, »«».e of broth 


to the colony, and lua 
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' — ♦ ixunt tn the field «hich the needio-pomt 
■‘fe«s Traced flti an ajjar block similaf to 
that branns the cunu^c .d on to the agar , the point in the field 

occupieij by the puncture mark m *»ith the micro«;cnpe aiui the colony 13 

shiftrd into this position ) The method has been mothfied bj Gardner 
^ The method of Topley, Harnart! and Wiknn w as follows A loopful of a vouhr 
broth culture of the orKanmt if g after w\ hours imubation} is used to inoculate a tube 
of 10 per cent Kelalin m 1 per cent peptone waltr priwiousfy nulled and cordul to 
V k' This cnlture is kept /or two himrs in the inculmtor , then a loop/ul (external 
diameter of loop. 3 mm | is placed on a slcnk' cintilar ijuartr tocer slip of JJ mm 
ihaineter w bich is in\ erted »n a sterile slide s« as to > icl<l a thin tilm /ret from bu bbles 
and not CMidinR at the eiJce 11) exammaleun with dark-^rourd iJlomination under a 
dr) i-m objective, a will-iv>lated organism twards the centre of the cover slip is selected 
Under tlic low p>rwcr a droplet of mcrtur>- is pickett up with a rough, rusty sted needle 
phiced on thccovcr-slip.and then pushed alon< with a needle nnli! the selciled organism 
13 covered The preparation is thencxpivcid to a suitable source ol ultra violet light for a 
time suftkient to kill all the othtr baviena that under the mercurA' being protected to 
prevent the action of oblique rajs the e\j>osure is made through a tube of about 24 mm 
diameter liy wav of control similar preparations without drops of mcrcurj arc exposed 
to the light in the same wax Thiw should prove sterile on substxjucnt incubation at 
2.t* C. whereas the screened organi-vm if viable will have formed a small colony \ 
subculture is then made from the latter ^ 

Another method consist » in the use of u micro-mampul.xtor such as that of Schouten ‘ 
(for detaiN, reference must be made to the original pa{>ers 1 


THE CUCTURE OP ANAEROBIC ORGANISMS 

All ordinary media contain traces of free oxygen and absorb more from the air on 
standing Therefore media intended (or the growth of anaerobes should ftlwa)8 be 
heated at 100 C fot ten minutes immediately before inoculation in order to remove the 
OX) gen Reabsorption of oxygen can be mmimived in the case of shake cultures m xolid 
medium by using deep tubes In the case of anaerobes it is specially important that 
the medium should be free from copper It n> advantageous if the media contain a 
reducing agent which does not interfere wilh bictenal growth Such an agent ta^a up 
any oxygen which may already he in the medium and prevents further accumulation 
Glucose (1 per cent j or sodium formate (I per cent ) was originally used for this purpose 
but more eflective reagents are now enmioyed fviifr m/ra) 

Fluid Media. In the vase of broth ‘Noguchis tubes were long employed These are 
naiTowtubesISin bvi in } which are half filled with medium and then heated in the Koch 
for thirty mimitex or in boiling water for ten minutis Melted vaseline (prev luusly 
sterilised at ICO C } is then poured on the surface of thcinidium .and the tubes are cooled 
quickly Inoculation is effected by means of a capillary pipette after melting the vase- 
line, which acts as a seal excluding the air TTiis method is not suitable for the culture 
of organisms which produce moeb gas as the vaseline plug is forced out of the tube 
Anaerobes will grow in fluid media without excluding the air, however. 1/ constituents 
are present which lead to the disappearance of oxygen and exert a reducing action , 
this IS effected by having portions of animal or vegetable tissue present bometimes fresh 
tissues winch contain catalase have been employed, eg portions of kidney In many 
cases heated tissues act well, as in Hobertsun s- cooked meat medium The addition to 
the medium of reducing agents such as metalUi. iron, thioglycoihc acid, or ascorbic acid 
IS also very effective It is advantageous to add to such fiuMl media also a small amount 
of agar eg one tenth volume of ordinary agar medium 

Cooked meat medium Acc<;rding to ilartin and Lepper the disappearance of oxygen 
IS chiefly due to auto oxidation of unsaturated fatty acids of the Upma contained in the 
meat, the reaction being catalysed by the muscle hsematin Heart muscle is preferable 
because it contains about twite as much lipins as other flesh In addition the small 
amount of glutathione which is present and the fixed sulphydryf groupings of the 
muscle proteins produce a negative ojadation-a’cduction potential hurther, the solid 
fragments when packed together miainuse the entrance of oxvgen into the medium 
Thus even asbestos wool has been found effective in making a fluid medium suitable for 
growth of anaerobes 

Metallic, iron The tubes of medium are heated in a boiling water bath for ten 
miDutesand quickly cooled withoutrfiaking Then to each a 3 mni by mm strip of 


* Supplied by Dr S L. Schouten, Hygienic l.aboratocy. The University Utrecht 
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‘ sheet iron gauge No 2C. xvhirh ha, 
making red hot in a Bunsen tti 
Thioglycolhc acid 0 02 to ( 
tenth of Its volume of ordinar 

solution The mixture is stenh«!‘^“hrar«lll‘J “ adjusted to 7 4 ^iith NaOH 

temperatarc for ,ome aeeU -Before it Z .•'.‘‘“P* »' 

the details of Brewer’s thioglycolhc med 
^scorotc acid Most anaerobes will c 

ascorbic acid Solutions may steriliseu uy - 

tions are usually sterile A ‘ knife-point ' of r 
of the powder as can be taken up by a 2 mm 

Ly 'beTed"' or 0 5 c o. of » 5 per rent of the tablet 

wayf ''m d,IX''eme"„t hl“ Media are obtained by removal of ovygen m several d.Bereat 
'•’I comhiKsHon hydrogen, but nitrogen may be used • 

.) mbustion combined with displacement by hydrogen : (3) absorption with sodium 



pyrogallate , (4) absorption by bacterial growth , (3) addition to the medium of a reduc- 
ing agent such as ascorbic acid 

Hydrogen The gas is generated m a large Kipp’s apparatus from pure 23 
sulphuric acid and pure zinc It is passed through three wash-bottles In the firs is 
placed a solution of lead acetate (1 in 10 of water) to remove any traces of sulphurc e 
hydrogen In the second is placed a 1 in 10 solution of silver nitrate to remove arse 
uretted hydrogen which may be present if the zinc is not quite pure remove 

10 per cent solution of pv'rogalhc acid in caustic potash solution (1 m 10) ° 
traces of oxygen. The tube leading from the last >ottle to the vessel con m o 
medium ought to contain a small plug of cotton ' >ol to filter any ' 

the hydrogen , and the tube with the plug should I stenhsed by hot air 
Commercial hydrogen as sold in cylinders may '^usi^^. it^s 
reduce the pressure, and this can be done as fc 
IS passed by tube (I), not too rapidly, throu 

by the three-way stop-cock B to a lar C of . n,f„ni> is»iiu.... 

roughly m litres The jar C is furnished with anindiarubbers ”PP" ^. supported 4 It 

The hydrogen entering C forces the water into a similar jar the c\ lindens closeil 
above C When sufficient gas has entered C the supply 'alv'c ro ^ «3sh- 

The stop-cock B is then turned, so that the hydrogen ^ . -d,usfcd so as to 

bottle E. and passes by tube (3) to the anaerobic jar. the liow J „p,aced by 

produce a not too rapid stream of bobbte As the ga- escapes from c, , 
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watcrfromD All ^loplK^s miiki In? ajr-tit;ht , this can be scciircil bj means o( «iealin!; 
wax All tlie rublwr tubmi; tiuist Iw o( the thick-waUiM) ‘ pressure t%pe 

An aUctnatue tnrtb<i<l is to attach a rei/iKin^ lalte to the j;as cylinder, which will 
dclivir the h\ilr<’Ken at a constant pressure r /; of ’ or 3 lb per s<i in as indicated b> a 
paucc connected to the deli\ir%- tul- The How of h>dr.i<;ni intn the anaerobic jar can 
be obstrted f>v interprisinj; a small wash-bottli between tin. sahe and the jar, similar 
to that shown m I ip 2l.'i 

llyilrogen ihsf'lateuienl pliit rnuibiivrion — McIntosh and Fildes' anaerobic jar These 
authors ha\e lUsipned an apparatus m which tulxs etc mat be incubated under an- 
aerobic conditions tbe <>\\ pen hems absorlicd Irt means of spim4\ palladium A ylass 
jar Is emplcijed furnished with a metal lui scinch can lie clainpul down 1 lie Iid is fitted 
with a tube and salscs s<i that hjdrosen mat fic admitted into the j.sr The palladium 
aslx'stos ts fiM'd on an insulated spool and surrounded a pic-cc of resistance wire which 
IS connectid to two electric termimK oil the outside of the lid The jar is closed and 
h^dropen passetl through it for half a minutt Then the vaUes are closed and the ter 
ininals are attached to the elixtric supple whish must bi reilutid bv suil.ible resistances 
\s a rc-suU ol the consumption of oxvpin bv the hot paljadiinn asbestos the pressure 
within the jar falls and after thecurrent has hicii passinp (or ten minutes more h>dropc‘n 
maj Ik‘ added at \irj low prtssurc', the cum nt should then be allowed to jiass for hall 



>10 21G Top of auiirubir jnr li ildcs and McIntosh i 



an hour \lonR with the cultures an open t«st tube containing an nirficafor should be 
placed in the jar This consists of 1 per cent kIucosv broth ofpHRStciO tinted strongly 
with methjlene blue solution and prescrsid from mould by the addition of 0 01 per cent 
phcn>l imrcuric nitrate or jncrthiolatc or b% a small puce of thymol This indicator, 
w hen in the jar should remain colourless except for a slight tinge ot blue at the top 
which sUiwls disappears during the passing of the current To secure serv thorough 
anacrobuisis current may he passed at intervals during the period of incubation It is 
essential that the hd ol the jai should be air-tight This can he tested b> placing a few 
drops of ether in the jar fixing on the lid and plunging the sesscl in hot water any 
U alt can thereby be detected To avoid danger from accidental explosion while hydrogen 
IS being intniduccd glass jars should be covered with a cloth and placed in a w ooden box 
Metal jars arc obtainable also 

To prevent cxcesvive spreadin? of colonics on the surface of the agar through 
moisture an open I’etn dish containing drv CaClj should tx* placed in the jar 

Hiitison s modification Thisconsistsof a metal tin with a press on hd in the centre 
of which IS soldered a small gas-tight brass tap , opposite this on the under surface of 
the lid there is a folded strip of brass which holds a brass wire-gauze capsule containing 
palladinised asbestos On the side of the tin towards the top a hole is pierced into which 
a bent metal tube is soldered , this is connected by a short piece of mdiarubbcr tubing 
with a small glass quill tube sealed at the lower end and filled with methslene blue 
indicator {ude stifira) Tor use under anaerobic conditions cultures are placed in the 
tin , plasticine is spread with a rag moistened with spirit round the edge of the top 
and the capsule is heated in a Ounsen dame Then the Iid is at <jnce pressed down the 
indiarubber tube from the hydrogen supply is attached to the nozzle ot the open stop- 
cock and the gas is turned on . the plaxticifM* is moulded over the edge ol the lid \ftcr 
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becomes colourless in two to three hours. satisfactory the indicator 

C^romiifjn sulp/nmc acid 
hydrogen The CrSO^ forme, 
docing Cr,(S 04 >i water, 
placed, first a 15 per cent d 

“t” ' “”.1 5 srm> oi ths metal pel litre rapacty ol 

‘ «" “ S'ass or eaftheni.are stain! and ato a 

tube of methylene bine inibcator solntion (m* sj,/,a) Place the Ini on the jar faiatins 
the junction Ras-tight with plasticine or a grease-ivax mixture), leaving the stop-cock 

” ‘ ‘'■e jar near a 

. . r (Maellcr 

•) 

pyrogaUate 

' the air m an 

* . ■ 'gen from a 

contamerol ■ • • „a. a,,sci,.ed 

mH.’iccw . ,5 have 

been used 72„5 

consists of n tube of thick glass measuring .sbout HJ in by i in . wiiii uie lowei end con- 
stricted, so that the culture tube dews not reach the foot The Buchner’s tube js pro- 
S’lded \MtU a tightly fitting mdiarubbcr stopper. Solid caustic soda (three pieces each of 
about the size of a pea or £ gtms of pellets) is placed in the bottom of the tube and 
covered w itli several layers of filter-paper , about 15 c c. 10 per cent solution of pyro- 
gnfhc acid arc added , then the inoculated culture tube is quickly introduced and the 
tube IS closed uith the stopper 

Another method consists m inoculating an agar slope in a thick-waJled test-tube, 
cutting ofl the free end of the absorbent cotton-wool stopper till about 2 an remains, 
pushing the stopper into the tube for 2 cm and filling the space v,ith XaOH pellets, 
then pouring in 4 to 5 c c 10 percent, pyrogalhc acid solution The tube is finally dosed 
with a wclUfitting mdiarubbcr stopper, inverted so that water of condensation does not 
run over the agar surface, and meubattd m this position 

Ifnctenn} grortth Tins method depends on the fact that certain organisms when 
growing in a confined space actucly remove tbc ovygen in the contained air A ring of 
alutnmium une-ninth of an inch thick and mth an aperture of 3 m is made to fit closely 

... .u„i.i ,1 T a.,n fVtn olatc Melted agar is poured into the space in the mg and, 

~ 'o f) fyo- 
e and 
icme 

In order to avoid conta'”"’tt«on trouj tiit-jwM* k,. .... ^ .omection^ 

the plate through condei 

bhoufd not be removed . 

Use of auorbtc aetd, ' , 

acid (tide %itpra\ is pou.... . . 

surfate is inoculated and then covered with a disk ol ceiiopuaut .j, ^ 

(winch must not e\cccd the internal diameter of the plate) , t is ...j ascorbic 

kfcrile 8li.« .pm,*r to get nd pl any a.r bwbbte Fux. ly I"- 

acld agar IS poured on top Whert thcmcdtumissolulthuplateis i yj,. disk anti 

ter, Stic eolomes of surface growth develop I" Jrlnte tf» 

overlying agar can readily be stripped off, but as ^ 05 per cent) 

colonies, their fe.atijres must be noted beforehand Tm g > 

roay «„„,)arJv , . . t, /He amowUs of rcducuig aginU 

, toScc meltedagaratJS to 

used blue solution to give a 

'-—“pi ehnuld be colourless except 

definite blue tint After three hoars at 3/“ c ^ the blue zone should 

for a well-defined blue zone at the top 4 mm deep • ® -it least I- mm 

not extend below 9 mm Accordingly a layer of ascorbic acid agar 
thick will permit growth of more satisfactory 

A cultures with 
iv be made m 

•*,. ’ yroni iMiUu.ui.,..-. • 1 .,% i .til to 45’ C. The 

• « , , . • ■ ■ * j f-and 
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js incubated as usual To ntakc subcultures from separate colonies in such a shake cul- 
ture a ‘ Pasteur pipette ‘ (made by drawiiiK cnit a piece o( ijuill tube to a capillary at one 
end and pluBging the other end with cotton viool) preMously sterilised by heat, i-. passed 
down to the colony and some of the prow th i-i sucked up into it This methoil, however, 

- - r.- ... . . - . 


A 

mixed culture in Cl ■' - • • • • ■ 

at a particular pet 
tammantscan rea 
for half an hour 

to be killed while the more resistant sun ues Again, in surface growths, certain organ- 
isms. f R a tdam. tend to spread out f.inhcr than others and <o to be found pure at the 
inarKiti' means of animal inoculation p.'ithogcnic members may be recovered from 
mixtures with non-jvithogens . or where scver.al p.atli<)gcmc types are present, the 
wanttd arg.imstns may be permitUd to flourish alone in the bod> of an animal passively 
immuni-ed Iwloreband by .an injection of antiserum to the other species in the mivture 


INCUBATION AND STORING OF CULTURES 

Tor the purpose of maintatmng .a uniform temperature of 37’ C at which most 
pathoucnic bacteria grow best, incubators ate usid These vary in the dct.vils of their 
airucture, but all consist of a chamWr provided with a source of heat regulated bv a 
thcrmost.at Patterns in which ga»or oil is used have double walls between which fluid 
(u5u.all> w.atcr) IS placed (Pig 217) lllectncally heated incubators, without water ( anhj- 
dne ’) are v erj cons enient Where large ipianlitics of cultures arc dealt with, a w arm 
room isadvantageous the temperature of tUisisregu- 
lated similarly to that of an incubator, but to prevent 
undue cooling on entering the room, it is provided 
with double doors the space between which acts as an 
airdock, so that the outer diK>r is closed before the 
inner ii opened and vice versa 

It IS neervsar) to prevent excessive evaporation 
from the surface of cultures placed within incub.ators. 
otherwise they may ijuicWly dry up With tubes 
which will re<iuirc prolonged ificub.ation the plugs 
should he pushed a little way into the tube and a 
few drops of melted paraffin dropped on the top of 
the wool of the plugs should be covered by disks of 
par.alTin wax which are softenetl b> heat and pressed 
on to the mouths of the tubes or by indiarubbor caps 
pnviuusly stenlisid in I 1,000 corrosive sublimate 
and then dried In all cases the cotton-wool plugs 
ought to be well singed in a Hame before covering 
I ultures in bottles with screw caps are also protected 
from evaporation Another method of preventing 
evaporation which is useful for the maintenance of 
stock cultures lb to keep them as stab cultures 
Incubators are usually maintained also at other temperatur«*s — 20" C for cultures on 
gelatin medium which melts at about 2» C (geUtm cultures may be grown at the 
laboratory room temperature) . 30 t for organisms which grow better below blood 
heat or which exhibit special characters when growing at the lower temperature, e g 
B pcslis 

Generally, for preserving the life of bacteria in cultures the medium should not contain 



use at 37° C (form licaled by 
Ra»» 


gonococcus, etc , may be kept alive lor two and a half years (McLeod) Cultures in fluid 


APPENDIX 

medium uli.ch have been kfovvi, at 37“ C. for «shtccn houri, or suspensions m broth of 
t^\cI\ c to forty-ciRht hours cultures on solid medium are used. A drop of such suspension 
IS pl.tcrd in a small stcriJc tube, which is plugged with cotton wool. Thi$ tube is then 
Jowered into a wider test-tube, so that it rests on a layer of I»,Oj. 8 mm deep, which has 
been covered with a small pad of cotton wool The mouth of the larger tube ,s then 
constrictid in the Ihmsen tiamc to aid waling, and it is connected with an air pump until 
the drop of culture in the inner tulie is dry (a few' minutes). The tube is then scaled to 
maintain a vacuum ami storeil m the dark at room temperature Toobtam a subculture 
emiiNify the dry materi.il in a few drops of broth and inoculate a suitable medium' 
TJh' ‘ ]j ophile ’ process (p 770) is especiall}’ valuable for preserving cultures 


FlLTRATfON OF CULTURES, ETC. 

Tor V arioiis piirjioscs it may Im? n(cess.ir).' to filter all the orj}.innnis from tiu/da m 
which they .arc present This is done especially in preparing media with stenie fluids, 
such as serum, which c.innot be heatetl, in obtaining the soluble tovic products of 
Iwiclena, and also wfien )nxv>iff!aUi>i; * /tiff r-p.i«ing ' iiruses Tiltcrs capable of Jieepiag 
back ' ’ ' ' - — •^<••"♦'0- 

ducK le 



eshnusting the air in the recept; 
means of a water-t'^ha^st pum 
from the main, all connecting 


r and a ooiik. iw 


otherw i-.e solid particles w Inch are oucvui. — . jj,g f,jter. iU “ * '•‘■‘A" 

time of filtration is prolonged, organisms may 8^'' " “ f t„e fillcnag surface, the 

«ork .n,oh rns hitrat.on, ,1 is necessJTy to "“te the duration of IM 

.mount of filtrate, the pressure nt ohich “»??"“ use (n* 

proiess .Ml the apparatus must, of af"”'’ **' ' * „“t„s as shoiin in FiS, M*- *“ , 
I liters are arranged in various ways to) * ‘ this a ’ candle ’ or 

„i «•„ It,, iiltercd IS tilaccd in the cylindrical rubber 

pas-Cf 


vf the 
..iticJf 


being dealt with, is much mcreaseu « a 


ceiain 

this P'“‘ f'lasscjl'intler 

part fits into a g ^ 

.small amoaaB of 
•st-tube IS bhpp^" 
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>■« placed inside the candle . small amounts 
can be filtered m this way 

(d) The disW o{ the Seit* tyT>e of filter 
IS inserted into a holder, which w fitted 
into the neck of a filter flask instead of the 
candle, etc . sho«n in { ij» »|{», a > It w 
eSectivo ami con\cnient m use A fresh 
disk H emploj t.d for each filtratinn 

Before any one of the above apparatus 
IS used it ought to be washed bypassing 
distilled water thtough until the filter does 
not change the pH of the wash-water 
Then it should ho connected up as far ns 
possible, but loosely, and sterilised m the 
autorlavc or Koch's stcnliber The tods 
of any important unconnected parts ought 
tu have pieces o( cotton wool tied over 
them In the Seit* filter, just before use. 
the disk should be moistened with sterile 
saline, sn as to soften U before it is screwed 
down tightly m place 

Material tn be filtrnul should l>e freed 
from fSross particles by ccntrifuciOK <»r 



Tu- 211* Other arrangements of filterins 
candle and Sa^W 



minute perforations in a filter suihcient to allow 
bacteria to pass through It is often advisable to 
add to the fluid immediately before filtration a sua 
pension of an agar culture of an easily identifiable 
organism such as ti prodigioun , or a suspension in 
the same fluid as that filtered, and m similar amount, 
may be passed through the filter immediately after 
the mam e'cperiment 

Alter use a candle is sterilised in the autoclave 
or by soaking lO antiseptic solution Much of the 
material kept back on the filter can now be removed 
by forcing water through in a direction opposite to 
that of the flow of the fluid during filtration but 
this IS a slow process and to be cfiective must be 
continued for some days Colloidal matter tends, 

' the filter and 
may be dis- 
then passing 
y water, until 

the filtrate reacts neutral Alternatively, the candle, 
after bemg dried, may be carefully burned in a 
muflle furnace till the original colour is regained , 
there IS. however considerabls risk of cracking 

Aseptic dislytbulioi* In order to avoid the risk 
of coatamuiation entaded in transferring the filtrate 
to another flask, the tiUing shown in tig 220 may 
be used — a is a piece of brass tubing with a side arm . it is fitted mto a stopper for 
a flask of the size required to hold the filtrate The brass tube is wide enough to 
accommodate 6. which is a piece of brass or glass tubing G to 7 mm in external diameter 

I A form of this filter in which the holder is 
supplied by Messrs A GaHenkamp, 17 Sun Stree 

49 


Flo 220 Fittins f°r alt 
niter to flask Alter Mack 
Met aitncy, UaitifdM^ of Practical 
BacUri<!las\ 
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ttj filter attachnent 

\ “ i s‘<>Pl«r to tit the fiask cames ti,o intes (a and 

In n ( fi)— tulre o an mdiarabber tube attached nhich must be 

3 S longer than the height of the flask and which at its other end 

U ^ p carries a short piece of glass tube plugged with cotton wool 

rt M fthis sc^« as an mfet for airj ; a glass nozzle which is pro- 

\\ J) ® attached to tube i> The whole 

apparatus is wrapped in kraft paper and sterilised It is 
inserted, with aseptic precantions. in place of the stopper of 
the flask. The flask is clamped m the inverted position, care 
being taken to keep the free end of the tube attached to tube 
a aboi'e the level of the fluid. This arrangement can be 
adapted to screw-capped bottles. 

Other aspects of filtration are discussed in the section on 
i V Viruses. 

Clarlftcafloo is employed when fine particles in a medium 
fiJlUjlA are not readily removed by filtration through paper and when 

method used for the preparation of media (p 740) js not 
applicable Also it is an essential preliminary to filtration 
where gross particulate matter is present, « g. in tissue sws* 
Fro S'*! Arrnnsmtnt P^^^ions which are to be -investigated for viruses This may 
fordwtMbutinffstcnle ^le effected by centrifuging, paswng through an T.C B gride 
fluid ascpticallv into ' stenlmat'. or a 'sintered ' glass filter, or a pulp eJanfier. The 
a senes at containers latter may be made by beating up T. B Ford’s 4 per cctii. 

asbestos-cotton filter pulp sn one hundred times its weight of 
water and placing a lajer between filter-papers (UTiatman Xo I or Green's No 401) m 
a Buchner's funnel (6 grms pulp serve for a fiJ-iJ' fuoncfl. 


THE DPYINC OF SUBSTANCES irt noCDO 

As many substances, for example toxins and antitoxiris, inth which bacteriology 
IS concerned w ould be destroyed in drying by heat as is done m ordmarj' chemical work, 
it IS necessary to remove the water at the ordinary room temperature This « most 
quickly ejfccfed by drj'jng la tatw in the presence of some substance, such as strong 
suJpliuric acid, calcium chloride, or phosphorus pcntoxide, which readily takes up water 
vapour The vacuum produced l^- a Vvater-pump is not suitable here, as ift sue a 

vacuum there must always be water vapour present An air-pump has therefore o - 

The lyaphik process — evaporation from the frozen state i« wcue-^is 
value for biological products, which are then stored in vacuo m the refngecato { 
Flosdorf and 3Iudd) 

REFRICEBATION 

Some form of refrigerator which will maintain a teTn^raturc ^ nresence 

of the greatest value for preserving antisera and othw frozen, 

of 0 35 per cent tnereso} in antisera (tetanus Hartfey) ^ Vetenon- 

does not have any appreciable effect on tfieiranfahorff con ( f pbeao}:c 

tion may occur, however, when dilute antusera containing larger amounts pn 
antiseptics are frozen 

CENTRIFUGES 


.centniuge 
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should 1)0 provided with loosely fitting metal caps or where sterility is essential screw - 
cappwl bottles should be used The centnfuge should start and stop gradually. Centri- 
fuges with speeds up to 15,000 r p m are useful For the investigation of viruses high 
speeds are essential, f g up to OO.OUO rpm in McIntosh and ScJbic’s apparatus on 
Hennot and ifuguenard’a principle In the centnfuge of Biscoc, Piclkcis and Wyckoff, 
modified from Sswlbcrg's. the centrifugal force developed is estimated at 180.000 to 
225,000 times that of gravity 


MntiNTINC BACTERIAL CULTURES AS PERMANENT MUSEUM SPECIMENS 

’ ■ ■' '* ' ^fulr) Wien the 

irating the cotton- 
: up the following 


thymol water {saturated in coiuj )0 c c 

glycerol 20 , 

potassium acetate •- 5 grms 

gelatin , 10 


Render the mixture acid tolitmuswith acetic acid , clear with white of egg or serum, 

• *..» culture, allow 

<• over the surface of the medium 


ep their appearance for about 
by allowing the culture after 
fveTvight then immersing it jn 
- .•>trate 7 5 grms chloral 
0 c c , water 025 c c ) 
[running tap for several 
ylated spirit for twenty- 
colour should now have 
d by placing it inverted 
c — „f tjjg agar, and the 
veil preserved 


PREPARATION OF GLASS-WARE 

V class-ware should not be unpacked m the laboratory, as the dust from straw 
' Xest tubes, flasks, etc , should be well washed 

the commercial detergents, eg 4 to I per cent of 
jhly rinsed m running water and sterilised The 
I-. ....... . p 775 

— j« tends to give oS alkali In 
r cent HCl and rinsed 
add sufficient 0 01 per 


cent phenol red solution to impart a v. 


autoclave for thirty 
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minutes at r Tf 
yellow, A 
shons that 

yield alkali on the first autoclaving. 


of the solution will remain 
the gJas? If the first test 
as good quality glass may 


PISPOSAL OF INFECTED APPARATUS, ETC. 


It IS tsKntM to prevent mtecttre matenal from drj-ing and being HaxmnteJ in 
the air ^Draughts should he avoided in the rooms ivhere such materials are-being 
— —11 . - - aterials should only be left open in the fabora. 


S. Itilarense, Br melUtnus, etc . 

infection , these are dealt with in the respective sections 

All contaminated ti^es, flasks, plates, hanging-drop cultures, etc. which contain 
non-sporing bacteria ought to be at once placed in a large dish of 1 m 1,000 solution of 
mercuric chloride in water or 5 per cent, lysol kept on the bench for this purpose (in the 
case of tubes the plugs should be put tn separately) and left for at least one hour. Then 
the glass-^sare should be thoroughly washed in repeated changes of tap uaterto remme 
the last traces of antiseptic, a mmiite quantity of which will inhibit growth Dis- 
carded cultures ought to be steamed in the Koch steriliser for tuo to three hours or 
autoclaved . m certain cases the media may be ' reclaimed ’ (p T44). tt'hen a large 
number of tubes are being put out of use, they may be placed m an enamelled iron pail 
and this when full is sterilised in the Koch or autixlave Cultures and other matenals 
containing sporing organisms ought to be autoclaved. Pipettes and other glass-ware 
contaminated with spores may be immersed m concentrated sulphuric acid and after- 
wards thoroughly washed with water If any film remains on the glass, eg in pipettes, 
it should be removed, by soaking m bichromate mtne acid mixture (p 775). In 
assembling glass-w'are with metal caps after cleaning, e g. universal containers, new 
■ liners ' should be inserted I nfected tissues may be autoclaved or, if bulky, incinerated 
Cleaning of used slides It should be noted that bacteria in films prepared in the 
usual way and stained with simple watery stains may sliU be alive ; accordingly suitable 
precautions should be taken m handling such preparatious If 


.ire treated as if new (p 773)' It is advisable to discard all slides ori which tubercle 
bacilli are present 


PRECAUTIONS TO BE TAKEN BY THE LAPOBATOBY WORKER 

An overall should be worn at work Care must be taken 
hands (the likelihood that the outside ol tubes, etc /hanS 

have been soiled, should always be borne in mind) ^ stfon'» antiseptic 

reated similarly, 
•work Nothing 

which has touched fhe laboratory bench or floor should be brougm into contact 
the mouth, thus it i3 dangerous to bek labels 
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MlCUOSCOriC METHODS 

The Microscope. I'or ordiii.irj b\ctcnologM.al work a good microscope is essential » It 
ought to h.a\c a heavy stand, with co.arsc and fine adjustments, a double mirror (flat on 
one side, concave on the other), a good condenser with an ms diaphragm, and a. triple 

noscpu'Cc ‘ -I- . , 

paratums h. 
more convet 

1 in (IS inn i • 

length sliou 

IS specified by the makers and includes the nostpicce — it is ICO mm usually, in some 
cases no mm 1 It is preferable to have two eyepieces (x5 and x 10} A binocular 
microscope is preferred by many , with this xOor X 8 eyepieces arc suitable. Artificial 
illumination— some form of microscope lamp e g ckctric — is usually preferable to day- 
light In the most recent forms the illummant is incorporated To adjust the roiirfeKirr, 
place a microscope preparation on the stage and focus with the low-power objective, 


then almc»t at the proper level for use with the immersion lens 

L se oj the oU immersion lens Alter the light is satisfactorily arranged, fix the slide 
on the stage with the right-hand clip and place a drop of immersion oil on the prepara- 
tion , lowtr the objective till the point touches the drop of oil Then, rack the tube of 
the microscope slowly down till the objective dips into the ml , now apply the eye to the 


microscope is not fitted with a movable stage, it is convenient to use the left hand for 
moving the preparation whilst the right operates the fine adjustment When the 
observ er has finished for the time being with the immersion lens the oil ought to be vnped 
oti with a piece of silk or lens paper If the oil has dried on the lens it may be moistened 
with xylol 

MICROSCOPIC EXAMINATION OF BACTERIA 

Micro-organisms may be examined (1) alive or dead in fluids, by wet preparatioris 
or hanging-drop preparations , (J) in film preparations . (3) in sections ot tissues In 
the two last cases advantage is always taken of the affinity of bactena for certain stains 

Wet Preparations and Hanging-drop Preparations. In order to examine the appear- 
ance of organisms m aijueous fluids, to ascertain whether they are motile, a wet 
preparation is often sufhcicnt A loopful of the fluid is placed on a microscope slide and 
a No I cover-glass * lowered on to it. so that a thin film forms between the two For 
more extended study hanging-drop preparations are required (p 758) W hen organisms 
are examined in fluids, it is necessary to adjust the condenser as usual but to use a small 
aperture c if the condenser-diaphragm It is best to focus the edge of the drop ot fluid with 
a low-powiT objective, and — the preparattoo being arranged so that part of the edge 
crosses the centre of the field — to fix the slide in this position with a clip A high-power 
Jens IS then turned into position, and lowered by the coarse adjustment to a short distance 
above its focal distance , it is now carefully screwed down by the fine adjustment, the 
ej'e being kept at the ocular meanwhile The shadow of the edge will be first recognised, 
and then the bactena most be carefully looked for Often a dry lens is sufficient, but 
for some purposes the oil immersjon is required If the bacteria are small and motile, a 
beginner may have great difficulty in seeing them, and it is well to practise at first on 


I A work on the microscope should be consulted 

* In bacteriological work it is essential that cover-glasses of No. 1 thickness (i •• 
0 U mm thick) should be used, as those of greater thickness are not suitable for a 
,t, in lens 

*' 775 
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Soure old, or prcfcrabiy younocr • oS f">‘“res not more than 

tcnij>eraturc 


f'actena are 

Iwentv-fniiF 


•non to be fufruicd 


movement, 
IS that th- 



Fio, JlJS. Diagram slioiving course of ra>* ra datK'groutjd illuinination. 
A Circular stop, R smd C Rfflccfjnt surtarrs D P«^ot oilbclirren tondtnw 
And slide r, 'IicrosctTC si**!” I Lens 


IS thus seen bngJitly lighted on a dark kackgrountl A special form of condenser is 
required, which way be of the spheneal or paraboloid type In the former, the central 
rays of the beam of light are intemipted by a circular diaphragm while the lateral rays 
are reflected outwards from the lower surface of a spherical reflector and then inwards 
from another reflecting surface, and are brought to a focus jn the. position of the object 
to be examined fFig. 1122J. A stc^ is placed witbin the oil immersion lens so as to cut 
down its N A to 1 or less—- otherwise the dark-ground cficct will not be obtained The 
source of light is a 100 watt projection lamp, with a condensing Jens which forms a beam 
of approximately parallel rays. Ibc following are the steps m the procedure . 

(I) The microscope with special condenser is placed in front of the source of ligMso 
that the beam of light occupies the surface of the substage mirror, the flat surface 
used and the mirror being placed at an angle to direct the vertical raj's of light up-varos 
m the optical axis (2) Centre the iMommation To do this use a low-power ocular ; 
rcmoi e the condenser and swung out the objective Then, holding a card 
paper above the ocular, at right ang * ' *” ° 


Je i’late a nil'll V. 

>e examined , 

the latter on the stage and fix it with the clips Then rack the 

the oil spreads in a uniform layer between tbe upper surface of the conde 
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shde (I ig i2'2). (4) Tocus the preparation mth a low-power objective. Itack the con- 
denser a little till a bright spot of b£ht ts seen and then bring this by means of the 
centring screws of the condenser into Iho middle of the field (.'i) I’ut a drop of oil on 
the co\er-glass of the preparation Place the immersion lens (fitted with the stop as 
described) m jw-ition and focus in the u<u3l way A little racking of the condenser or 


on the surface of the condenser and proceed as in stages (3) to (r») ) 

It IS a great advantage to use a separate microscope for dark-ground work and to 
have It mounted on a wooilcn stand along with the clettnc lamp and the condensing lens 

NoTc Slides to be used for the dark-ground method ought not to exceed a thickness 
which IS specified by the makers of the condenser (usually 1 "2 mm ) , if thicker, the light 
will lie brought to a focus below the level of the film and the dark-ground effect wnll not 
be obtained 

Film Preparations. Dry method. This is the most extensively applicable method for 
the microscopic examination of bacteria It depends on the fact that in the process of 
dr^ ing most bacteria undergo relatively little ch.ange in tlieir forms Pluids containing 
bacteria such as blood, pus, scrapings of yrgans. can l>c thus investigated, as also cub 
tures in fluid and solid media 1 or all ordinary' purposes films are made on slides, but 
sometimes covvr-glasscs are iis>-d The first requiMte is a perfectly clean slide or cover- 
glass The test of this is that when the drop of fluid containing the bactina is placed 
upon the glass, it can bo uniformly spread xxith the platinum wire all over the surface 
without showing any tendency to retract into droplets The best method is to place 
the cover -glasses or slides for some hours in a mixture of concent r.vfpd nitric acid 0 parts, 
potassium bichromate 0 parts, water iOO parts After thorough washing in running 
w.itcr they may be kept m CO per cent alcohol . for use. they arc dried with a soft 
clean cloth Slides m.ij bo rapidly cleaned by rubbing the surface with a moist cloth 
which has first been rubbed on a fine abrasive soap or powder (which, however, must 
not scratch the glass), then washing quickly under the tap and drying with a clean tag 
— this method must not be used with slides intended for dark-ground examination 
If a fluid IS to be examined, a loopfut may be placed on the glass and spread out over 
the surface w ith the w ire \t hen a culture on a solid medium is to be examined, a loopful 
of water is placed on the slide, and a minute particle of growth nibbed up in it and 
spread out, so as to form a thin film The usual mistake made by beginners is to take 
too much of the growth It is sufficient just to touch the surface of the culture with the 
edge of the loop or the point of the straight wire, and when this is rubbed up in the drop 
let of water and the film dried, there should be an opaque cloud just visible on the slide 
In the case of pm or sputum a loopful should be spread out on the slide so as to make 
streaks of varying thickness, this may be done either by moving the looped wire 
from side to side or in a circular fashion When a film has been spread it must next 
be dried at room temperature or by being moved Uickwaxds and forwards above a 
Bunsen flame, but not heated to a temperature higher than the hand can bear The 
film must then be fixed on the glass , in the case of a slide, the underside is heated m 


test-tube set in a rack 
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Transmission of unfixed hlood films from the tropus. In a cvlindrical metal her e 

E iri P“'' cotwS'aaT i'tly h 

Scai Jxto ■' “'"'SM. by Ming nm iod.amWr 

It J an 'T’"'.*''' 'P."™™ '? ^ntafuebd and films are made from the deposit, 

dVsoK e the d„ ® ^ '’“P '‘"‘‘IM "ater on the dried film and heat genUy to 

■' *^'^1 S“‘'P “"fl ‘I'l’- In Ibis nay a moch 

clearer picture is obtained \Nhen the preparation is stained 

i; *>^e//}od If It IS desired to examine the histological structure of the cells of a 
discharge as weU as to investigate the bactena present.it is advisable to substitute net- 
hxed films for the dned films, the preparation of which has been described. The nuclear 
structure, ^mitotic figures, etc.^re by this method well preserved, whereas these are 


(a) Saturated solution of mercury perchlonde in water Fix for five minutes 
Then rinse the films m water and thereafter i^ash in'soccessive strengths of methylated 
spirit; treat with Gram’s iodine to remove excess of mercunc salt, and again with 
spirit After this treatment the films are stained and treated as if thej' were sections 
(i) Formol-alcohol (nrfe supra). Fix films for five minutes; then wash well m 
methylated spirit and water They are then ready for staining This is an excellent 
and % ery rapid method 

(e) Corrosive-alcohol— alcohol i part, saturated .solution of mercury perchloride 
2 parts Fix Tor five minutes, wash with 50 per cent spint, and treat as in (a). This 
fixative IS very suitable for films of fsces containing cntamccbaf. 

Films prepared by the above methods are now- ready to be stained by the methods 
described below 

Impression Preparations are used for studying whole colonies of bactena and,also 
for delicate organisms, such as those of the pleuropneumonia group, which do not with- 
stand the ordinary methods of making films A piece of solid medium 2 mm thick 


cos er-glass preparation stained and mounted ffor details see Ktieneberger; 

Sections of Tissues. The methods of fixing tissues will be described below . 
further stages m the preparation of sections, books on histological methods shouM 
consulted Paraffin sections give by far the best results ; the procedure with t eseis 
follows Several drops of xylol are placed on the section and made to mow 
and forwards , the xylol is poured off and the process repeated The e-veess o ■ } 

IS then removed by a clean cloth, care being taken not to allow the prepara lo o 0 . 
A feu drops of absolute alcohol are allowed to run oser the preparauon. s is 

mo\ e the xylol This is followed m the same way by methylat^ account 

then placed m water The section is then ready for staiuing^ In the 

rly treated 
inted De- 
rousht into 

hydration is usually effected by alcohol '1 he preparauuu. ■._-5 thtnclcared 

w ater, is treated w ith a few drops of alcohol and this is repea e ei . ^ tp Canada 

in xyfof, and mounted in a suitable moupting medium P — 

I Absolute industnal methylated spiftt <74 O P f spirit of the 

alcoholfor many staining and histological puq>^ contain enough 

type known as • toilet spint, acetone free (Co ^ ^ ' uiter senes instead of 

mineral naphtha to cause it to become imlky on a i i permit from the 

rectified spirit These industrial spmts ate retabietj uiu y 

Customs authorities they can be purchased . „-„„ared as follows ^cc 

* Kirkpatrick and Lendrum's B P S mouttttng m P ^ are dissolicd 10 

of dibutylphthalate (B P H ) are r Burgh, Epsom. Surrey! Jhf 

erms of Distrene 80 (British Besm Products Ltd . -.faf-ons very much beri' 

synthetic resin preserves the colours of bactenoloo ^ remove from the section a 
than balsam When using this mountant it is essen * 
traces of paraffin with fresh .xylol 
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bal«am After being treated with xjlol the preparation ought to be perfectly clear , if 
anv opacity ternains, further dehydration with alcohol is necessary. Tor certain pur- 
poses, eg. when the bacteria arc readily decolorised by alcohol, aniline-xylol (aniline 
- parts, xylol 1 part) is used as the dehydrating agent The preparation is (juicUly 
drnd with blotting-paper, then treaini with aniline-xylol which clears at -the same time. 
The aniline-xj lol Is then replaced by xylol , this i» conveniently done by running the 
xylol o\cr the preparation in one direction, when the andme-xylol will be seen to be 
displaced U'fore it The prep.aration m then mountcil 

Scchons of ccloHiex A piece of solid medium bearing a colony Is treated as if it 
were tissue (see Khencberger) 


THE STAINING OF BACTERIA ETC. 

In general the protoplasm o! baclcrn. hVe the nuclear chromatin of animal and plant 
cejli. b.is an a/Tinity for basic aniline dyes Aniline dyes, which haie the constitution ol 
salts, are dicidid into two groups according as the staining action depends on the 
basic or the acid portion ol the molecule Thus the acetate of rosanihne derises its 
staining action from the rosanilmc , it is therefore called a basic dy c On the other hand, 
ammonium pit rate owes its action to the picnc acid part of the molecule . it is therefore 
termed an acid dye Certain acid aniline dyes.e g eosin orf(»>e bengal, al'o stain batteria 
The following arc the most commonly used Uisic Mams (the figures in brackets 
after each indicate the number m the Colour Index (C 1 ) ol the Society of Dyers and 
Colourists * and the approximate percentages soluble m 05 per cent alcohol and in 
water respceti>ely) 

I ioirf5lai>is Crystal violet chloride (C 1 No C8I U, 1 7) and the closely related 
methyl \ lolet (C I No 080 I.*.. 3) and gentian violet 

liltie Stains Methylene blue, chloride (C I No OJi M 3 6) (synonym pheny- 
lene blue) . Thiomn (C I No 'IJO 0 25. 0 2.'») (al%<> knmin as Lauth s violet) 
Toluidine blue (C I No H25 0 57. 3S) 

KeH Stains liasic fuchsin. chloride (C t No 677 8. 0 4) (synonyms basic rubm, 
magenta, rosanilin) . Saframn (C I No xfl 34. 5 51 (synonyms fuchsia 

giroild) 

Broun Stains Bismarck-brown (C I No 331 1 . 1 4| (synonyms vesuvin, 

phcnylenc brown) , Chrysoidm (C I No 20 2 2 0 86) 

Of the stains specified the violets and reds are the most intense in action, especially 
the former , it is thus easy in usingthem to over-stain a specimen It is difhculttoover- 
stam with methylene blue Thionin also gives good differentiation and does not readily 
uvcr-stain 

It IS most convenient to keep saturated alcoholic solutions of the stains made up 


in a short time in such fluids 

The statiiing of films Films are made on slides from cultures as described above 
and a few drops of the stain are placed on the surface WTien the film has been stained 
for the requisite time it is well washed with soft tap water or distilled water, surplus water 
IS drawn ofi-with a piece of filter-paper or wiped ofi round about the preparation and it 
IS carefully dried high ov er a flame , a drop of immersioa oil is placed on the film and it is 
examined 11 the preparation is to be preserved the rininersjon oil should be removed bv 
xylol w hith is then drained off Sneh a preparation if kept free from dust, e g by w rap- 


fluids if the histological elements also claim attention it is best to stain first me ceiiuiai 


> Bradford 1924 , Supplemejnt, 1928 
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h'" the best ; the Gram method (vide infra) is also essentia] 

and subsequently any special stains which may appear advisable. 

"’^y can-iod oat hy the procedures described below When 
?il.I " s«^trons should be fixed to the slide, otherwise there is the 

danger of their becoming detached Masson's method of fixation is recommended • the 
section IS flattened m the usual way on a dean slide by floating it on several droos of a 
jv arm 1 in 1.000 solution of gelatin jn water, which is preserved with a crystal of thraol^ 
then the excess is drained off and the slide, standing on its end, is exposed to the vapour 
of /ornialm in a closed jar at 40' to fiO’ C overnight. Sections from tissues fixed with 
mercuric chloride contain a dark deposit which is removed before staining by treatment 
with iodine (1 part of icxiinc and 2 parts of potassium iodide m 150 parts of water) the 
pr^css being controlled by examination with the low- power of the microscope the 
iodine is then reniy\ed with 5 percent, aqueous solution of sodium thiosulphate followed 
by nosing in water. CarboNthionm is a xer)- useful stain for demonstrating bacteria 
The modiftc ' '' ■ • • •• • . .(f,. .... 

advantage 

Tjij- U s • .s * 

stilJ more Stun scctioost the tissae elements may be stained to such an extent as to obscure 
the bacteria Hence many methods have been dcviScd in which the general principle 
consists in fn) the use of a penetrating agent or mordant which increases the staining 
power and tends to fix the stain in the bactena, eg. phenol, amhne, metaJhc salts, weak 
solutions of alkalis, licat, prolonged action of the stam ; or (6) subsequent treatment 
by substances which decolorise the oserstaincd tissues to a greater or less extent, while 
they lease the bacteria coloured, e.g dilute acidS'-'hydrochlonc. acetic, etc ; alcohol 
cither as methylated spmt or absolute alcohol ; or a combination of spirit and acid — 
methylated spirit with 1 per cent of hydrocldoric acid added ; also ambne and various 
• — - .» — V..,. onMi'/fprolorised 


with 2S per cent ammonium mo/ybdate in water. Lnuemn wigaiujiiij ■ «. 

. ' t . ♦»*,.« dwrahon of staining aud 

eg should be 


Bacteriological Stains 

The following stains arc commonly used 
LfiffUr's fiicthilene blue 

S’aturated solution of mcthyfetic blue m alcohol • , • ’f,,,., ' 

bolutwin of potassium hydrc^xidc in distilled water (about 1 ; 10.000) . .. 

The rate and intensity of staining depend largely on a™oimt of^alkah ujd 
rUnis may be stained by five minutes' exposure or longer in ' ^ ^ Seclions 

do not require dccolonsation, as the tissue element ^ several hours They 
may be stained in this mixture for from a quarter of decolorised if 

do not readily over-stain The tissue containing the -phe section is 

necessary with ^ to I per cent acetic acid, till it is a ® cleared m xylol, and 

washed in water, rapidly dehydrated with alcohol or amhne-xylol. cleared m xy 

mounted . . ^ -„iution which has been 

rolychrovie iuclh\Uiie blue This is a methy e fomied which stam certain 

' ripened ’ by oxidation so th-at new vjolrt commands ^ conscniently 

.s ,n B bottfc U 

made from LOffler's methylene blue by shataHo a -.„„2ete the process 
over a long period , several months are . ^oJlo^vtn<^ composition . 

Unna's polychrome methylene blue solution has the foUown^ ^ 

methylene blue - • ' ‘ . 1 

potassium carbonate . ’ joOcc 

distilled water - * 5 to jO volumesof 

It IS ripened by the method just described and lor use is di u e ^ ^ 

Heat J STO thiominn / pLSm ™tet , «■“' 

thirty mmates ; cool and add 500 c c of 1 per cent soluuo n 

The solution keeps indefinitely — 

ton,n..,t.ally. 
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Stavn lilms or sections for three t(* five rninutw li more jirolongccl staining is re- 
quired, the stain must be washed off with water and a fresh portion filtered on. since on 
prolonged contact insoluble crjstals formort films or sections This is especially marked 
if the latter contain formalin deposit , the sections should then be treated s\ ith absolute 
alcohol saturatcil with picric acid bclotc staining iJiffcrentiatjon, iJ necessary, may he 
enccted by bricJ treatment with meth} bated spirit iolloued by absolute alcohol and 
x>lol 

Koft bettgal 1 per cent in 5 per cent watcr> sohition of phenol is useful lor staining 
selectiMly the bacterial boilics where much capsular material is present 

ZiehUNftlsen’s cathol-fiuhnH This has the composition 


basic fuchsin <iio\sdercd) 10 Rrms 

alcohol . . 100 cc 

phenol (carbolic ncid crystals) 50 grms 

water (distilled) - 1,000 tc 


Place the phenol in a flask aiong with the fuchsin Mix thoroughly and heat on a boiling 
water-bath for fisc minutes shaking occasionatlv . complete ndutvon occurs Add the 
alcohol and mi\ will 1 mall) add the water This is a very poweilul slam and in the 
undiluted condition is chiefly used for staining acid fast baciib (p "til) 

Hihitf ^artol-fuf/tsin it 7iehl-Nee1aen's carbjl fuebsm diluted with twentv times it** 
solumc of water or more Mam for ten to fifteen seconds The dilute carhot-fuchsin 
should be discarded w hen it ceases to be quite transparent 

Cryjiaf t lo/ri as a 0 '> per cent solution in water is useful for organisms which tend to 
stain weald) with other d\cs, « g V choUrie 

Marlinffili i stain for fungus in hairs and skin scales Dissolie lithium carbonate 
OSgrm and toluidinc blue 1 0 grm in?5cc distilled water . then add Sbcc glrcerol 
andhcc meth) Uted spirit 

ri\ the scales or hairs on the slide with fit) per cent glacial acetic acid and dry at 
31 t \\ ash in water and treat with ether to remove lat thm 
(1) stain for five minutes, 

(a) wash m water . 

l3) diflercntiatc with 0 H pet cent acetic acid . 

(4) dehydrate with water-free acetone itwo to three minutes) . 

(5) clear with xylol and mount 

Stntnins; both oj urgdiifSBii an<I tissue eteinents tn reiftont Stafford s method (modi- 
fied) is simple and satisfactory (a) treat the section for three minutes with a 
I in 6 dilution in water of the following stain— potassium bichromate 1 grtn , eosin 
' water-soluble yellow i grni water lOi) c c . (6) wash in water (half a minute) and 
counter stain with 1 percent aqueous methylene blue (or one minute , (e) wash in water, 
decolorise in methylated spirit, dehydrate in absolute alcohol, clear in xy lol and mount 
Crythfosin CTangt-loliniine W«e (AJorJOn) Sections of tissue fixed in Zenker s 
solution arc mordanted with Grain's iodine for thirty imnates, bleached with S per cent 
aqueous sodium thiosulphate, nnsed in running water and stained for ten to fifteen 


absolute alcohol, cleared with ayJol and mounted This stains organisms (blue) and 
tisbiie elements 

Crams Meihod and Its Madlflcattons 


bacteria The slam used is a tnpbenylmcthane dye. crystal violet (or an analogous 
compound, methyl violet or gentian violet) The essential step in the method is the 
treatment of the preparation with a solution of iodine after staining The iodine lorms 
with the stain in the bacteria a compound which resists decolunsation with such agents 
as alcohol, anilme-xylnl, acetom , etc . whilst the Ussues ate decolorised and can then be 
toloured by a contrast stain ^ ^ j t. r .t. 



APPENDIX 


780 

dlfo''to th". S “ ’’f ft" “"8“""”' « Grain.pos.l.ve or not.'^sS df ranSms Say te 
nr,^in?^m t \ ° Organisms, the commonest variation being for a Gram-poSiS 

organism to become in older cultures Gram-negative or for a degenerate oraSS fp 
fnbo'*^’ decolorised. But the result frequently depends on the procedure 

follontd in staining ; prolonged action of the decolorising agent, or the presence of a 

MW "•'‘'7' !" intensifies its act.o^ It mustTo be mea- 

tioncd that fibnn and some tissue elements may retain the stain as firmly as any bacteria, 


iresii iodine solution be used. (Jn some of the modifications iodine is dispensed with ) 
The folloinng have been selected as suitable : 


IIV»^er/’s Modificaliott 

The following arc the solutions necessary : 

(I) Crystal violet (or methyl violet ft B) 0-5 per cent solution in water (this is 
preferable to the original dye solution — carbol-gentian-violct — consisting of a mixture of 
saturated alcoholic solution of gentian violet 1 part flus 5 per cent aqueous solution of 
phenol 10 parts) 

(II) Gram's iodine solution . 

iodine . . ..... 1 grm 

potassium iodide . ..... 2 gnus, 

distilled water . . . . . ?00cc. 


(51) Anihno-.xylol 

nnilinc 

xylol 


2 parts 
1 part. 


(4) Dilute carbol-fuchsm (p 779) 

riLMs after being fixed are treated as follows . 

(1) Stain with violet solution for one to two minutes 

(2) Tour off stain and, without washing, add Cram’s iodine solution , allow- to act 
for one to two minutes 

(3) I’our of! iodine and drj’ "dh blotting-paper . , , , t« ts. 

(4) Decolorise with anilinc-xylol till the preparation is of a pale violet colour in we 
case <if films of pus. etc , or sections, decolorising should be controlled 

power of the microscope till the nuclei have a faint violet "“5 ** .u,„„ 

retain the violet stain very tenaciously, tjecojonsing . ,n,ear of 

slightly on the film while covered with anihne-xyloJ) ^ote that thick parts o 

pus etc , will not decolorise and are many case unsuitabe for examinatmn 

(5) Wash of! amline-xylol thoroughly by means of xjlol “"f ash 

(C) Counter-stain with dilute carbol-fuchsm forabout tea t .lark red organisms 

in wVter and dry Avoid over-staimng with the Sra?s "tarn 

(Gram-ncgativc) may be difficult to distinguish from those which rrta G 
For demonstrating gonococci neutral red 0 1 per cent and acetic acid 0 , per c 
water IS a good countcr-stam 

Allentalive procedure stages (1) and (2) as above 

(3) Wash quickly with water ^ .v' several changes being used 

(4) Decolorise by flooding the film with '“d«stnaK< .^‘^’ n tjeated with acetone 
until further stain ceases to be remov'cd, ortheamm. .. ^^^ojonsing wdh the low 

(5) Wash quickly with water Then control th- /4) and (5) 

power of the microscope 3S in (4) above . ifnecfv>> ». P o 

(6) Counter-stain, etc . as m (6) above ^^.-.f-olorisin" when examining pus 

Control spot In order to avoid errors from n £[ffi of a known Gram- 

for Gram-negative organisms, it »s advisable * e g of staph>lococcus) at one 

positive organism (from a twenty-four bou^ - . ^ the same way as ‘j’ 

side of the pus smear , this ‘ control spot i’ th ^ - gonococcus of me g 

of the film For the diagnosis of Gram-peg- ® . ghouid retain the Crams 

coccus in pus, Jt IS essential that the time stained pmk 

vigorously, while the nuclei of the pus edh are a 
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?FCT»)>'> should lx^ first St »m«l bj cannal»m>c<>ihim\'3l > for ten minutes The «te;>s 
of procedure ore then the Sami' as the alwse, aniliHc-xvlol heini' used for decolorising. 
b\jt in stage (.'>). after being treateil with t>IoI, the preparation is mounted 

Iluehrr t yimlt/tcalinn /or A/uis 

Mix one part of a 10 per cent solution o{cr>n>tal \iolct m 'K> per cent etlivl alcohol 
with 4 parts of a i per cent aqueous solution of ammonium oxalate Sometimes after 
shaming nitii (his mixture ttram negatiae OTKiniams eg the gonococcus arc difficult 
to ilfcolonsc In this e\ent the crastal aioht solution may lie diluted up to ten times 
bclore mixing in the same proportions Stain the spiear for one minute with the crystal 
Violet solution, wash in water treat with Grams iodine solution for one minute 
wash m water and blot dr\ fterolonse with **5 percent eths 1 alcohol for thirty seconds 
agilatmg gently Hint .and eounlersiain with haframn O (]0 cc of a 2 .'J per cent 
alrohohc scOuhon of the die »n JOOt r «f water) fi>r ten seconds then wash and dr> 

Kapelofi a*l-f ffeeruiaii s Mmlificaltna 

J'lLMS ore alJowetl to dry in air fix«d with the least amount of heat necessary, and 
trraied’as follows 

fll riofxl With a freshly pnpared mixture <»f 1 per ctnt aqueous crystal wolct 
solution, J5 parts, w ith 5 per lent vdutum of s»<}ium bicarbonafe 4 parts and allow to 
stand for five minutes 

(2| I lush ofl the rxirss of stain with mOinc vdution (2 Rrms iodine, 10 c c N/1 
MaOH. made up to 100 c «. with distilled waUri then cover with fresh iodine solution and 
let stand two minutes or lynger 

(31 Hint otT all frte water but do not w.^xh or dry 

(4) I>ecolorne with acetone until ibi det»lon»er flows from the slide practically 
uncnloureO (this usually taV.es less than ten VM-ondsl 
l-l) Dry in air 

(fl) Cuunterstam for ten to thirty sovondv with tldute catbol fuchsin— J 20 
(7) Mash in water hlot and dry 

in the case of films ol patljolojical material this method should be used for demon- 
strulinn purposes rather th.in lor determining ho\« an unkntiwn organism reacts to 
Gram's method, as ocuisionaffy cofiform liaciffi in urinary sediment havu appeared to be 
Gram-positisc This fallacy has not been met within staining cultures 

SccTloss (according to Dunlop) arc treated as above at stages (li to (41 then 
proceed as follou s 

(а) VVash m water 

(б) Counteratam with Ziehl-Seclsen carbof-fuchsm diluted 1 2.70 with water, for 
two minutes or longer 

(f) Wash in water 

(if) Dehydrate quicUy with methvUled spirit followed bv absolute alcohol Since 
alcohol tends to remove the fuchsm rapidly an alternative proceilure is. after ivipmg 
off excess of w iter round ihespctiou, to dehydrate with a mixture of ‘ cellosoKe I vol 
and xylol 2 vols (the section alter sufficient treatment should be almost clear) 

(t) Cleat in xylol and mount 

KtrkpalTitk'i Mithod Jot Sections 

This method gives very satisfactory results with sections containing Grain positive 
organisms, especially where there is difficulty in decolorising the tissues by other 
methods , fibnn is not positively stained 

1 Stain with carmalum cochineal for ten minutes, wash in water for a few minutes 


Stain for TubereJs and other AcW-fast Baellll 
Such organisms cannot be well stained with a simple watery solution of a basic 
aniline dye although with the Gram method a partial staining is effected They require 


water 200c c . 
n the Koch for 
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a pTOtrMstnin containing a mordant, and must be etoo!rf . , , 

or Its action may be aided by a short application “heTt A m 

basic fuchsin ivith anijine or phenol is suitable tvn o ^ mixture of crystal violet or 
resist decolorising even iiith sVrrS; ai.d, • tEev “6»msn.5 

lolloivmg method is most comSfyS ' The 


M.a.. .ten -lumi, joosc sections with cold 
cold water for about a minute 

2 Decolorise'"'*^*’'' • 

{nitric acid or hycl 

T AV-seV.. ,M. 


in hot stain the latter shrink.) 


1C ubuaiiy stained 
Wash in running 


• • "* A •*«.*! »suii Hi spirit tor halt a minute, and replace in 

water. - ' ^ 

4. Coutitcrstain \Mth an aqueous 0 6 per cent solution of methylene blue for half a 
minute 

C W ash \\ cll with water. Inthecascofyffws.dry. In the case of w/ion#, dehydrate 
clear, and mount. 


In specimens stained by the above method acid-fast bacilli are bright red. Other 
bacteria which may be present, and colls or tissues, are coloured with the counter- 
stain (blue) 

Tubercle bacilli, which are intensely acid-fast, retain the stain even after treatment 
with the acid for many hours ; but other acid-fa«f *"-••• k.^.— i— •• j •- . 
few minutes Some acid-fast • 
the brief treatment with alcoh 
that coliform organisms which 

resist the dccolonsing proccssc * j 

with the staining of acid-fast bacilli in sections, etc. To remedy this, use a shtining solu- 
tion which has been brought to pH 8 0 immediately before use by adding sodium 
bicarbonate solution (Fielding) , excess of alkali must be avoided as it causes precipita- 
tion of the stain 

Leprosy bacilli are stained in the same way, but are often rather more easily de- 
colorised than tubercle bacilli, and it is better to use only 5 per cent, sulphuric acid in 
decolorising 

A staining solution containing crystal violet, instead of basic fuchsin, may be used by , 
those who have difficulty in discriminating between red and blue tints In this case 
chrysoidin (1 300 m water) is used as the couiiter-stain 


Stains for (he Diphtheria Bacillus . 

Diphtheria bacilli have a strong affinity for metbylene blue and a 0 ^ 
aqueous solution applied to films for several minutes demonstrate the ^ ^ 

granules {volutin granules) in the body of pale blue bacilli. l 

bring out the structural characters of this organism In the case of cultures. fU 
be made from eighteen to twenty-four hours’ growtlis on LOfiler s serum med 


iVeisiffr’s Slant (second or modified method) 

1 Stain films for a few seconds m a nnxtnre of solutions A and B, tiro parts of tb 
former to one of the latter 


A methylene blue . • - * * 50 c c 

absolute alcohol . ' ' ' 50 

glacial acetic acid . • ' ’ 2 qqq ” 

distilled water • ’ ' 2 grm 

B crystal violet • ' ' ^ 10 c c 

absolute alcohol . ' 300 „ 


distilled water . * ' 

2. Wash for a few seconds in soft or distilled w’ater (this stage may 
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3 Stam m chrj «)idtn solution (I 300) for a few seconds (the chrysoidm should bo 
diS'.olv cd in warm ^^ate^ and the solution then filtciwl) 

4. Wash c|uickly m water, blot, and dry 

The substanco of the bacilli is brownish yellow, the granules arc almost bhcK 

Instead «if chrysoidm the Inllowim* solution of erythrmin may be used Saturated, 
alcoholic solution of crjthrosiii. 2ft parts, saturated watery solution of picric acid.' 
00 parts , add to the mixture precipitateil caluum carbonate to excess , allow to stand 
for a time, shaking at inters als filter 

I'ugh's Slam 

The staining solution consi-.ts of' 
toluidinc blue 
absolute alcohol 

,1 per cent solution of glacial acrtic acid m distilled 
water 

Stain for two to three minutes Wash with water and dry The substance of the 
diphtheria bacilli is light blue and the granules arc of a reddish purple tint 

Albert's Stain (modified by Laybourn) 

Dissolve 0 n grm tolmdinc blue and 0 2 grm malachite green in 2 c c 1)5 per cent 
alcohol , then add lOOc c distiUeil water and I c c glacial acetic acid allow to stand for 
one day then filter 

Iodine I) GO per cent . and potxssium iodide 1 per cent m distilled water 

I'llms after fixation by heat are treated with the stain for three to five minutes 
washed m water, then treated with the iodine solution for one minute, washed in water 
and blotted dr^* 

The granules of diphtheria bacilli arc bluish-black the protoplasm green, and other 
organisms chiefly fight green 


0 1 grm 
2 c c 

100 


Staining of Spores 

If bacilli containing spores arc stameil with a watery solution of a basic aniline dye 
the spores remain unstained The spores either take up the stain less readily than the 
protoplasm of the bacilli, or they liavc a resisting envelope which prevents the stain from 
penetrating to the protoplasm When once stained they are less readily decolorised than 
the bodies of the bacilli In fixing the films little heat should be used, as overheating 
interferes with the subsequent staining The following a simple method for staining 
spores 

1 Stain films with carbol-fuchtin (p 7*9). heating as for tubercle bacilli 

2 Wash in water and treat mtb 30 per cent solution of feme chloride for one to 
two minutes 

3 Without washing treat with 5 per cent sodium sulphite solution for fifteen to 
thirty seconds (according to Armstrong) 

4 Wash in water 

5 btain with 1 per cent aqueous methylene blue for half to one minute 

(5 Wash in water, and dry 

The spores are stained red, the protoplasm of the bacUb blue 

Tbc spores of some organisms lose the stain more readily than those of others 

Negative Staining 

.Vigrosin ntelhod (Dorner) Nigrosm (water soluble) 10 grms are dissolved m 100 c c 
distilled water by boiling for thirty minutes, then 0 5c c formalin is added as a preserva- 
hve The mixture is filtered twace through the same double filter paper and distributed 
in 5 c c amounts in containers On a slide mix one loopful of the stain with one loopful 
of bacterial suspension, spread, and allow to dry Then examine m immersion oil 
(Acid precipitates the nigrosm, therefore an acid culture must first be neutralised ) 

Staining o1 Capsules 
Anthony's Method 

Smears are dried in air and. without fixation, stained with 1 per cent solution of 
crystal violet in water, then washed with 20 per cent aqueous copper sulphate and 
blotted dry 
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fitss's Method 

The organism should be suspended «> serum or a medium containing senim « 
ascitic riuid. Films arc alloised to drj’, fixed, and then stained \Mt5i a mnture of J or 
- volumes of saturated, alcoholic solution o/ gentian violet or basic fuchsin fhu 19 
volumes Of water, being heated gently over a dame /or a /ew seconds Siiam ^ 
The dye is washed off w ith 20 per cent, copper sulphate solution and the film blotted drj'. 

Richard Mtttr's Method /modified) 

1 The film contaioms the bactena must be viry thin It is fined and stiiinefi m 
filtered carbol-fuchsin for half a nunute. the preparation being gently heated 

2 Wash slightly with spint and then vs'cll in water 

S Place in the following mordant for a few seconds ; 


2 parts 


saturated solution of corrosive sublimate 
tannic acid solution — 20 per cent 
saturated solution of potash alum . . . u 

4 Wash well in water 

5 Treat wnth methylated ^int lor about a minute. The preparation has a pale 
reddish appearance 

6 Wash well in water. 

7 Counter-stam w ith ordinary watery soiutioa ol methylene blue for half a nuoute 

8 Dehydrate in alcohol, clear m xylol, and mount. 

The bactena are a deep enmson, and the capsules of a blue tint. 

For a method ol staining capsules of bacteria in sections, reference may be made to 
Ud Muir, Joitru Path and fiar/ . 191C, 20,* 257. 


Fixing solution— 


Kirkpatrick's Method 


formalin - 

. . . . lOcc 

chloroform 

. 30 .. 

absolute alcohol . 

. GO „ 

Manson’a borax methylene blue— 

methylene blue . 

. - 1 grm 

borax 

, . . . 2 grms. 

water 

. 100 cc 

Dissolve the borax jn boiling water over 
For use take 

3 flame, add methylene blue, cool. 


1 part 
J parts- 


borax methylene blue . , • • 

distilled water . - • • • 

(1) Mate a film on a slide, then allot.- to dry » art : the film most not hwirf 

(2) Pour on fixing solution and allow to remain for one to three minute ,, 

is) Wash off .. Ith spmt ; d«m off eatess afidstaia .. itb dilute boras raolhj lent blue 

for one to three minutes ^ m ^stol 

(4) Wash quickly in water, blot, and dry , or dehydrate in acetone, clc > 

and mount 

Kehefor ^iegatue Statniu? 

Staining solution (HowiC and Kirkpatnek s tnetho<}) - 

{\) 10 per cent water-soluWe cosin {' yeUowish 'or' W ' 'V ) ^ 

or erythrosm in distilled water r i t mrt 

(21 serum (human, rabbit, sbe^ tir ox. healed u *>’ ) P 

(3) crystal of thymol . 

The mature la allouefi to stand f' treps <“ 

centrifuged and the supernatant fluid stored at too P 

. , f aVwmt \ mrv diameter, one drop of 

On a clean slide. ...lb a Pl”*®""' slope cnltorel is ml.i'l 

{or fluid culture or a suspension in breW Bom aw o r -/n, ht/ 

drop c 
3 mini. 

After i 
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cxamincil in itnmerMon ml Tho ap)K.irnncc4 do not alter ulun the filtns are kept /or 
man) months (In the caw of cmci the tnMtment with ZieJil-.V(tKi.n'!> solution can 
usually Ih.' omittiil 1 

Cuf'sii/i's e/ focci are elemonslratiHl b> nnxrnf,' on a mieroscoiu 'liile one loop/uJ of 
cxiiJate fonlainim: the organi'Mis or culture with one luopful cich of I {»erccnt aqueuus 
solutions of rose Ix’iigil and iiigrosin. mixing tlioniughlj ami sprcirlmg as a film The 
lioiln s of the COCCI arc- pint, capsuh s white. .in<I the hickgniunil sljtc coIoure<l 


Staining of Piaiiells 

The staining of the Hagilla of Ivtcirna retjiii«< con-.i<l<.r.-il)fe pratf Kt to t iiMire gooJ 
results .'fain inttfimls fiase luen introduitil. of whn-h the t«o fullnwim; arc verj 


sall^facll'r\* • 

Kirkl'^trnk'i Method 

5oliili‘’iis requirrJ ' 

Fi tii'g S<’tiilion 

absolute .nlcohdl . . • I'l’ ' '■ 

cfiKiroforni . . -h’ 

{on«.\!m .... I‘* 

Mori/iiiil 

firric cblorule. •» per cent v>luti<»t» 1 p.irt 

tannic acni. ;*0 jvr ctnl xnlution (sliwltt«l l»s Ik it 
and allowed t(i 


Ik'fore use. dilute the mortlaiu with .an snual \<iluni« <<i « ii< r 


Silift Soli>/ion 

I’J.ice JOgrms of sihcr sulphate (II D IJ ) in a sl< m ./«<'*/< » l«>ttli. » 
distilled water Incubate at 3* C for twiim hmi h‘ ut' 0 ihun <‘i< ‘ 
stock solution improses by leaiint,' U rxp-isxl toihivO. ht u- 1 K |•^ln<l' : 

aclenn IMcc I^flcnme)<.rtla'k'sUh<li$tillc<Iw3tec it. ku 

solution m tho fl.nsk ami aiM diiKkly 06 rc ethilinti- ' <n' 

.\ precipitate forms which IS jmmc<liaf<I»Tt«liw>lvMl 1' '< j j> 

a pitcc* of unused titiill liil/ing) add till<r<d sil»»r st-ns 1 k '< 
sliylitly opafesemt solution results I mallv. add In • ■ i di'till <i i > 

FrocfJiirf 

DacUnal tusi'entton. In the c.l<e t»f thecoli teph id ..f '•! > 
been grown at 37’ C for hirty-eiKht hours arc lx st i r tt i ‘ 

twenty-four hours’ cultures may be prefeniMt llciii .i ■ l< ni i\ -i '> 
in the Uunsen flame and .aflow to cool I’lice alwiit I «. s 'Unl ii 'i 
tube NSith a pl.-itinum wire remose .a hxiplul of thi a),^i ub'ii 
break the surface of the medium Suspend the loopful of the cMltun 
and genti) rotate the hxip until an even suspension is obtained 


ill! disUlkd" 
Vdd distilJtJ watc 


i films should be ihanid i; 


(2) Place the film in fixing solution m a jar for mtt to time juiuuss . 

(3| Ibnse in spirit, then wash thoroughly in water 

Hi Treat with wordaut (uc three tn fice minutesjn a staining jar 

ef on sihcr staining solution 
idipi>ed in 

^ontmue heating, Jcceping the tlame moving, until seconds 

brown colour and a metallic scum forms on the edge* ‘^thefl ,,, thirtj seconds 

‘^asc flaming and allow the heated silver solution to act lor hi«en 

(7) Wash off the staining solution in tunning water (the staining solution mu 

oe poured off or deposit will form on the film}. 

(3) Dry the film and mount 
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cthylamme may be corrected by the addition ot a tor drop, ol the stoch silver so^eh™ 
One which contains too little etbylaminc had better be rejected. ' 


Pitfteld's hiethod (modified by Richard Muir) 
I'repare the following solutions : 


tannic acid. 10 per cent. Mutery solution, filtered , lOc.c. 
corrosive sublimate, saturated rvatery solution . 5 

alum, saturated watery’ solution ^ . . 5 ' 

carbol-fuchsm ivtdt p. 770) . , . . 5 


Mix thoroughly A precipitate farms, which must be allowed to deposit, either by centn- 
fuging or on standing Remove the clear fluid with a pipette, and transfer to a clean 
bottU The mordant keeps well for one or tiro weeks. 


Stain : 

alum, saturated watery solution . . . JOcc. 

gentian violet, saturated alcoholic solution . . 2 ,, 

The stain should not be more than two or three days old w’hen used It may be 
substituted in the mordant m place of the carbol-fuchsm 

A bacterial suspension having been prepared as above described, a film is made by 
epreadmg a drop on a c/ean cover-gloss and is allowed to dry in the air j it is then passed 
twice 0* • 

of the 
to nse, 

water i „ « 

dry pour on some of the stain Heat as before, allowing to steam for about a minute, 
UTish well m water, dry, and mount 


Staining of Sptrochsles In Films 
fonfauu's Method 

Three solutions are required 

(0) Fixalice Acetic acid 1 c c , formalin 2 c.c., and water 100 c c 

(6) Mordant 6 per cent tanmc acid in a I per cent watery solution of phenol 

(c) Sfotn. 0-20 per cent, solution ol Sliver nitrate in distilled water. For use a 

quantity of this is put in a test-tube, and a minute amount of ammonia solution is added 
till there is distinct turbidity. (If too much ammonia is added the fluid becomes dear 
again) _ . 


solution (c) is dropped on, heated till steam nses. and alleged to remain for anot 
mmute. The preparation is finally washed m water and dne 

The spirochetes are of a dark brown or black colour, and are y 


Betket’s Method (mod ned) 

The Ftxahie and Mordant used are the same m Fontana s 


method {itde suprii)’ 


Staining Sc.ulf i 
basic fuchsin (saturated alcoholn 

Shunk's mordant B (absolute al’ u * P ^ I IS „ 
ethyl alcohol • ' 4cc)J 

aniline . • / lOp „ 

distil/ed water . then add the distilled 

Mix the Shunk’s mordant with the ah- nnid out '«th before u’^e 

water The glass-ware should be thorouRldy 
The stain and reagents are filtered ir'o 
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Procedure 

(1) Ma^te the filni on a slide arid aUo%^ to dry 

12) I’lacc in fixati\c for one and a haU to three minutes 

(3) in « ator (hall a miDUtc) and treat with mordant lor three to five minutes. 

(+} Wash in Mater (hall a minute) and place in staming solution for three to five 
minutes 

(6) Wash in water, dry, and mount. 

SeUeJ Slaiinng 

Indiii-inJ? An cmutsion ol mdia'intc of fine «\U4lily is sterilised by steaming and 
allowed to settle for a ttw days , a drop of the deposit diluted «ith an equal quantity 
of distilled water, is well riibbetl up. rmted with a drop of the material to be examined 
(exudate fromchincrc or condyloma, scraping from congenitally atlectcd organ, etc ), 
and spread on a slide Tlic film la dried and examined with an immersion lens without 
the interposition of a co\ er Spirochaites, if present, stand out unstained, surrounded by 
the dark mdia-ink. and often positive results are rapidly obtained by means of it The 
organisms are not so readily recognised by this method as by dark-ground illumination, 
and neg.ative observations arc thus less valuable 

Collargol, which should be shaken before use, I part, diluted with distilled water, 
10 parts. IS employed in a similar way to india-ink 

Gientra'i Smin (p 7a9) 

Sulnlng ol Sptroehstes In Tissues 

The following impregnation methods give excellent results 
£,na<fift'i OrtgiRdf Mtlhcd 

(1) The tissue, which ought to he in thin slices, about I mm m thickness, is best 
fixed m 10 per cent formalin solution for twenty-four hours . 

(2) wash for an hounn «atcr, and then bring into 00 per cent alcohol for twetity.four 
hours , 

(3) place in 1 O per cent solution of silver nitrate in a dark bottle, and keep la 
an incubator at 3? C for three days , 

(41 wash in water for about twenty minutes, and thereafter place lu the following 
mixture 

pyrogalhc acid . 4 grms 

iorraalin 3 c c 

distilled water up to 100 


JahneVs Method jo* Nervous rusue, etc 

(1) Wash in water for one to three days thin pieces (2 to 4 mm ) of tissue which have 
been fixed in 1 0 per cent formalin lor at least fourteen days . 

(2) place in pure pyndme lor one to three days . 

(3) wash in many changes of water until the smell of pyridme is practically gone- 
two to three days . 

(4) place the pieces in 5 to 10 per cent formalin tor a few days . 

(5) wash thoroughly in water , 

(6) place for half to one hour in fresh X per cent solution ot uranium nitrate m 
distilled water at 37° C (the uranium nitrate prevents subsequent staining of other 
elements m nervous tissue) , penetration is assisted bj- letting the tissue rest on a layer 
of lead-free glass wopl . 

(7) wash for one day m distilled water , 

(8) place in 90 per cent alcohol for three to «ght days ; 

(9j w ash ID distilled water till the tissue ttnks , 

(10) place m ISpercent solution of Mlvernitratecrystalsand leavefive to eight days 
at 37° C The contaiiner should be dark , 
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( 11 ) ‘lecantoffthesilvernitratesolution.'n'ashthctissueshchtlvinunw.nfh h , 

2^., „.„,p,,o.aU.oac.a ^ec. >- c. ..s .. 

paraffin tlistilled water, debydrate m neutral alcohol, dear and embed ia 

It should be noted that spirochades stained awth silver rapidly become colourless on 
contact with certain immersion oils. — - 


Nylta’s Methods lor Rickettsia; in Sections . 

These methods are applicable to paraffin sections of tissues such as infected mouse 
lung- 

I For tissue (small pieces) fixed m Muller's fluid * 

(1) stain for 5 to 10 minutes in a 5 per cent solution of basic fuchsin in DO per cent. 

alcohol ; 

(2) nnserapidlyin tap wateraadtreatMJthflOper cent alcohoJ/orJ to2minutcs; 

(3) stain in 1 in 10,000 aqueous methyl violet for 1 to 3 minutes : 

(4) rinse m tap tvater ; differentiate m 1 in 1.600 acetic acid , 

(5) dehydrate in absolute alcohol or acetone, clear in xylol and mount 

II For tissue fixed in 10 per cent neutrai fonnol proceed as follows ; 

(1) stain for 30 to CO minutes with I in 10.000 aqueous methyl violet; 

(2) differentiate with water containing 2 drops of glacial acetic acid in lOO c c 

until the cytoplasm of cells is seen under the microscope to be colourless ; 

(3) counterstain for a few seconds with I in 10,000 aqueous metani) yellow ; 

(4) dehydrate with acetone, clear m xylol, and mount. 

The Romanowsky Stain 

This stain and its modifications are extensively used for demonsttating protozoa 
(malaria parasites, tn-vanosomes etc.), spirochartes, Jbekettsia bodiw and viruses, and 
the blood cells, as ’ • •• . 

which is formed wh 
eosin are brought tc 

“TtiA 


changes, such as occur in methylene blue solutions v'lin “o'" 

- ' ’ ,v about bv treatment with alkalis, cspcciady 


derivatives in combin 
proportions in which 

of the staining fluid, account for the different effects jiiouui-tu ^ 

ents of a cell The underlying chemical reactions arc ^ reiJdi^ii 

understood Thus .t ,s not certa.oly kot~n to „ln,t I»«.tnl..t ".'.[Set ot 

hue produced in chromatin is due, but the active coustitucnt } .. . rncth' 

methylene atnre or th.onm, all ot .vh.ch lesnlt from th. act.on of alkal. me , 


blue The following are the chief formul.e m use 


. as a solution already "P 

.icohol * The mixture 


ready for use The stain will keep iot 

films of blood, etc , are allowed to dry befoo eiiW stained 

(1) Support the slide or cover-gfass in a undormi) c<wtr<^ 

•2) Drop on the stain from a pipette until the w Mejuriaccj^ 

:^;;rrnsnaiiy,pt..k.i,/'-”r;”^^ 

.. • .1. ..iti.I ti 


fairlj' sattsfactary provided that the pU »» auiu..*'- 


thsl all "hoi U 
f/IOd 
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(fl to 10 clrop^ for a co\ i-r-filiss , 20 to 30 «lrops for a slide) Allow to act for one and a 
half minutei 

fl) With the same pipette add 1 or 2 drops of distilled water (or soft tap water) for 
each drop of stain used under (2) The nuidswill mi<thoroii£;hly without any rockinj; of 

one 

. or 
the 

(.I) Dram off excess of water and allow the stainotl film to dry in air (do not heat) 

(fi) Mount 

The use of a neutral biiflir solution instead of water for washmi; is stated to give 
improved results in this and other Komanowsky methods A solution sufTicicntly 
accurate for this purpose is made by dissolving Ktl,I’0« 3 .'>3 prms and S'a,HPo, 12H,0 

14 5S grms in one litre of distilleil water 

The results are best with freshly prepared films or with such as are only a few days 
old If older than thi* there is an increasiHR tcnilcncy for the red cells to stain of a dusky 
bluish colour nr cNe (or them to remain practivaliy unstained while the surrounding 
dried plasma exhibits markedly basophilc thnracters It is to be noted, however, that 
mitaria par-asites. spirochTtes. etc , remain readily' recoipiisable in spite of sue h altered 
staininc affinities on the part of the red blood corpuscles 

If the stainini* is too blue, differentiation may be obtained by washing with 1 to 0 1 
per cent boric acid or monosodiom phosphate solution and then wnth water . the phos- 
phate IS the more intense in its action 

Shute's tntIhoJ of utttig /.eisAirian's stout for thm blood films in the Jiasiiests of malaria 
(James) New microscope slides of hall white quality are cleaned by dipping into 
a mixture of 30 parts nitric acid and 70 parts absolute alcohol, and after being wiped 
dry arc stored in absolute alcohol (methylated spirit must not be used at any stage) 
Before vise a slide is wiped dry with a clean cloth 

Prefinralioii and ust of jIuim solution Ihirc methyl .alcohol (' free from acetone ’) 

15 used The pH of the alcohol is tested m a mixture of I aolume with 3 volumes of 
distilled water of pH 7 2 (.adjusted by adding a saturated solution of lithium carbonate 
drop by drop to water containing 1/1« aolume of 0 01 per cent phenol red solution) 

If the pH of the mixture is 7 0 the alcohol is suitable and water of pH 7 2 should be 
used in staining and washing If the pH of the mixture is under 7 0, proceed as before, 
using water adjusted to pH of 7 4 . should the tint of the alcohol-water mixture indicate 
a pH of 7 to 7 2 then distilled water of pH 7*4 should be used in staining and washing 
But if the mixture is more acid than this the alcohol should be discarded To 100 c c 
of the alcohol m a hard (green) stoppered glass bottle preciously washed out with 
the methyl alcohol, add 0 15 grm of dry stain (Leishman s powder) shake from time 
to time in the course of 24 hours, when solution will be nearly complete and the slain 
ready for u»e Place 4 drops of the stam on the blood film and rock for exactly 10 
seconds, then add 12 drops of the adjusted distilled water and mix thoroughly, tilting 
and rocking l.ct st.simng proceed for 30 minutes under a Petri dish for routine idcnti 
fication of parasites Plush ofi the stain with a good stream of distilled water con- 
tinue washing for exactly 15 seconds Older parasites will be overstained but younger 


construction 

Por staining srctions a slight modification is necessary A paraffin section is taken 


tageousi — the effect being w atched under a low power lens The blue begins to tome out, 
and the process is .tllowcd to go on till only the nuclei remain blue The section 
is then washed with distilled water rapidly dehydrated with alcohol cleared and 
mounted If as sometimes happens, the eosin tint be too well marked, it can be lightened 
by the action of 1 7 000 solution of caustic soda, this being washed off whenever the 
desired colour has been attained 

In certain cases, t g for the staining of old films or of trypanosomes or Leishmania; 
in stciions, I.eishman recommended an initial treatment of the preparation with scram 
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ffimso s Slam. 'Atcordrag to Giemsa tho rcddish-blne hoe charactostic ol the 
Roraano"sky slain is duo to llie lormation ol methylene azure, and he has prepared this 
under the name Azur I From this, by the addition of an equal part of medicinal 
methylene blue, heprepared u-hat he called • Anir ri and from this agam by the addition 
01 cosin he prepared Azur Il-cosm The latest formula for the finished stain » is as 
follows ; Arur Il-cosin. 3 grms. ; Azur II. 0'8 grm. ; glycerol (chemicaUy pure). 250 
grms. ; methyl alcohol. 2C0 grms This stain heeps weU in stoppered botties fFor a 
method of preparing the stain, see Lillie ) 

{1) Immediately before use fix films in absolute alcohol for fifteen to thirty minutes, 
dry with filter-paper. (2) Dilute the stain with distilled water (which must not be acid ; 
It should he boiled /or five to ten minofes ia a flask to drive o/f CO, and itsboald be kept 
stopjiered)— one <lrop of stain to 1 c c. water (the mixture being gently shaken). (Some- 
times the water is made alkaline by the addition of one drop of 1 per cent, potassium 
Carbonate toSOc.c. water.) (3) Stain for thirty minutes ; for spirochstes a longer period 


paper, dry. and mount. 


is again heated ; this procedure is repeated four or five times 
in water and dried. 

Old films containing protozoa tend not ’ ‘ ‘ 

after staining and brief, brisk nnsing in w-a 
containing a 1 . 1,000 solution of NaH,PO, 1 


The film, fixed as above or 
ha diluted stain and warmed 
1 fresh stain added, the film 
Finally, the film is washed 


use the diluted stain. 

FIXATION OP TISSUES FOH DEMONSTBATINO BACTEBIA IN SECTIONS 

Good histological fixatives permit o/ the saUslactory demonstration ol bacteria in 
sections by staining In general, infected tissues should be fixed as soon as Pcs^iDie. 
Since lytic processes are liable to progress rapidly in these ; the pieces +v,» 

small (not over S mm. thick), so as to permit rapid penetration of . 

case of surgically removed tissue, if tlus is not obviously infected and especially ix it 
contains muscle. itts'advisaWc to allow two to four hours to ^ Aj 
During this time it is important to keep the material enclosed 'P . 

watcrprool fabric, because drying of the surface by contact with absorb < 

as gauze, or by exposure to air causes damage to the surface 


Fixatives 

VorniohsaUne (sodium sulphate 3, sodium ebionde 1. to'be^emlfedded 

This is a slow 'acting fi-xative and often unsatisfactory for ® sections (also it allows 

in paraffin It is, however, suitable for the prepamt.^f although 

sufficient restoration of colour to provide n 4ttou/chIoril hydratr). 

inferior for this purpe ' * m 

Tissues uhich have bei 
be transferred directly 
days’ immersion then L., ^ 

Formol-cofroswe (nine parts fi per cent. nractmally indefinitely ; the 

commercial unneutralised formalin , this mistwre P . ^^jour and ajso has 

, t . a t, mvfC a distinctive pint-, vw 


ided ■ It 
ng 0 5 to 


formation of granular deposit related to lywiig 


* It is obtainable commercially. 
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IS liable to occur any rt'«at«veo»ntaimnj;fonnalm, is ilifticult to remove, but it can 
be prevented by transferring the tissue alter four to sk hours m formol-corrosivc to 
6 per cent aqueous HgCt,, In which secondary fixation is allow cd to proceed lor at least 
several dajs — again an wool and well immersed Thu double fi'catiou is not necessary 
for surgically remoted tissue unless there has been old hemorrhage, but js highly 
advisable with post-nitirtcm material Already formed deposit can bo removed in great 
part if the first portion of aliNolutc alcohol used m the dehydration process is saturated 
with picric acid It should be noted that malarial pigment (which is indistinguishable 
from formahn-deposit m sections) is also soluble in picnc-alci>hol Tlius tissues from 
eases of malaria slioiil'l not be fired in f6nnol*coiTc>siic Fonnol-corrosjve is not a pood 
fixative lor demonstrating the charactcnstic changes in the brain in rabies Tissues from 
formoi-corrosis e or mercuric chloride solution should be transferred directly for dehydra- 
tion to "0 pet cent alcohol, the removal of the mercuric deposit by iodine being delerred 
until the sections arc brought into water lor staining (p 770) 

for storage ami fi’niisiiiisrioii, tissues which have been fixed as above described are 
removed from the mercuric chloride solution, washed for half an hour in running water 
and immersed in a mixture of glycerol 3 parts and water 7 parts After two days remove 
the tissue from the tluid. surrouml it with cotton woof which has been soaked m the 
glycerol-water mixture, and wrap the whole in a sheet of gutta percha tissue, then pads 
in a strong tin llcforc dehydrating the tissue should be washed in water lor scviral 
hours 

Ztn^er fixaUtes (stock solution potassium bichromate 6, sodium sulphate 2 , mer- 
curic chloride 10. water 200 parts) Inihecaseof fresh tissue, before use add )-5 to 5per 
cent of glacial acetic aud to the stock solution Tim mixture containing acetic acid is 
a rapid and good fixative but suitable only for small pieces of tissue Ovcr-hxation 
must be avoided . after four to sue hours the tissue must be transferred to running water 
and washed for a similar time It w then dehydrated as usual With post-mortem 
material it is advisable to omit acid, because the latter accentuates lysis of the blood, 
which 11 likely to be coinmcncinR niebromate fixatives are chiefly of value for tissues 
which arc to be stained with a Homanowsky mixture Zenker’s solution without the 
addition either of formalin or acetic acid should be used to Sx tissue from eases of malana. 
os ;t docs not produce deposits resembling malana) pigment 

For sioragt and Iraitjiiiisnon, the fixed tissue alter washing in water, may be trans* 
fetred to glyceiof'water and treated as described above 

For the further treatment of fixed tissues with a view to preparing sections, w'orks 
on histufogicaf methods should be consulted 



Ill 


SEROLOGICAL METHODS 

METHODS OF MEASURING AND DILUTING SMALL QUANTITIES OF FLUID 

Graduated Pipettes. The simplest method is by means of 1 c.c. and 0 1 c c pipettes 
Each pipette should be graduated in tenths, and should deliver to the end jMuch 
depends on the use of satisfactory pipettes 

Mode of uu A mouthpiece of glass quill tube is attached to the pipette by india- 
rubber tubing To obviate the danger of sucking up Imng cultures into the mouth a 
small piece of cotton wool may be packed loosely into one end of the indiarubbcr tube 
The mouthpiece is held in one comer of the mouth between the teeth, and the junction 



to dose jt. and continue to keep the 
tongue m this position until operation , 
(•I) is completed , (2) withdraw the 
nojzle of the pipette from the fluid, 
and bring it against the side of the 
vessel above the level of the fluid ; 
(3) while maintaining the no«Ie con- 
tinuously against the vessel-wall make 
slight pressure on the rubber with the 
fingers and thumb of the nght hand 
until the level of the fluid in the pipette 
reaches the 0 05 mark; then do not 
make any further pressure. ( 4 ) then 
insert the pipette into the \cssel into 
which the fluid is to be delivered (» 
the amount to be delivered » ve^' 
small, eg 001 cc. pass the no«le 
down to within a short of the 

fluid in the tube) and (6) blow out 
vi<rorously— while blowing, bnng the 
ookIc into contact with the side of 
the tube above the level of 
iThe obiect of bringing the no«le 


at the nozzle as a drop, which would “^^^IwgTlwVpettT the reader being 
amount delivered ) F.g 223 shows the mode of holding P P 

in the same position as the operator successive re.agents or sue- 

The pipette must be well washed out with when using the same 

ecssive dilutions of the same reagent dilution is higher ‘ba" 

pipette to prepare increasing dilutions, t^ dilution, or traces o > 

L?ual Accordingly a fresh pipette f by boding, but care must 

active substances such as tovins or the pipette and also that i 

be taken that albuminous matter does npt coagulate m « e I P ^ 

"^‘p^^rMethod. Another methcKl of 

pipettes ^\•hen one pipette is concerned The ‘‘^-.^j.^nibber 

accurate when fluids such as serum jjaiyend. ‘S actuated b) an md 

s,sts of .1 length of quill tube and tho drops must bo *1^ 

teat , the pipette must alnays be ^ , ^passing from one nnS^”' “ out 

(at the rate of about 1 drop per second) , ,„n„I j„il ether or 

ppette must be nell nashed out and e.th« dned 
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with the reaRctit to Ix' mcasur<d by takinR up ami rejecting the latter several times 
When pipettes have to lie intcrLhangid, X^onald s. methods of standarcUsin™ should bo 
used 

Capillary Pipette Method. The wrum is drawn up in a capillary tube {a piece of quill 
glass tubing ilrawn out in the tl.vmc at one end inconvenient for the purpose) and a mark 
IS made at the upper limit of the lluid. the latter then being blown out m a watch glass 
llqiial amounts of P 8*i per cent salt solution are measured out w ith the marked tube and 
added till the required dilution is made Thorough mixture is effected by drawing up 
the diluted serum in the quill tulie and blowing out again, this being repeated several 
times Wright's work should he cnnsultec} for his methods of measurement 


/kCCLUTtK^TlOM 

Vfthn.t ->/ oMdiiiiii; an'luUnatins srra lor the identitic.vtion of organisms bv their 
agglutination reactions artiiiciai antisera of high titre must always be emplovcd (human 
sera from cases of natural infection should never lie used) Well grown rabbits are m 
general most suited for developing spevifir antisera ofd animals ought to be avoided 
Cultures Willed by heat arc gi'orralty elfeitive as low a temperature as possible being 
emplovcd. t g half to one hour at 5B' C Intravenous injection is as a rule to be pre 
ferred. a snnll dose being given at first (,*fl of a Willed twenty-four-Iiours ag.vr slope 
culture suspended in saline), followed bv graduafly increasing doses (each being doulile 
the preceding one) at interv aU of seven to ten days (rormalin 1 J.OOO or other anti 
scptics tn.vy lie used to Will the organisms , also a broth culture may be employed the 
initi.il dose being 0 .1 c c ) During the course of immunisation the animal should be 
weighed frequently of weight suggests that tlie dosage is too high , if the animal » 
health K seriously upset powerful antisera will probably not be obtained But it must 
be remembered that some animals respond to the injections by more active production 
of antibodies than others In the case of highly toxic organisms, such as Shiga's dysen 
ter> h.ivilh a smaller initial dose is used e g yX* o* a culture or their toxicity may be 
dimini'hcd by heating at 80’ C for an hour Sev en to ten clays after the second or third 
dose a specimen of blood may be withdrawn from thcear vem and tested If the titre is 
high (i 000 or more — although much higher litres may be obtained with many organisms) 
the ammal may be bled (p Wd 

icruiii for Ihe U'ufaf reaction Blood is obtained and the serum separated (for 
methods i iiie pp 808, 800) 

Scrum t/iJurions may be made (a) by means of a graduated pipette or bj the drop 
method In this way successivedilutionscanberapidly made in 3 in by^in test tubes 

' ' ■ ’ ■ ■ • "etc though. 

his IS the best 

young, well 



arc suitabte, or Wihing may be eftected by using saline to which 1 I 000 formaUn has 
been added' For methods of distinguishing flagellar and somatic agglutination ti* 
p 705 In the case of rough variants, which tend to sediment spuntaneouslv in ph\sio- 
logical saline, the reduction of the NaCl content to 0 4 to 0 1 p?r cent often > lelds a stable 
suspension With streptococci the nature of the culture medium on which the organisms 
have grown is important , various devices may have to be tried in order to obtain stable 
suspensions (p 16i) ShaWing the suspensionin a vessel with glass beads may help to 
render it homogeneous 

Saked-eye method of lest for agglutination is much preferable to the microscopic, as 
the results with the former art mote accurate Equal parts of diluted serum and of 
bacterial suspension are mixed and placed lU an agglutination tube or a narrow test tube 
(1 in diameter) Keep m the upright povitioft at room temperature for twenty-four 
hours dt37'C for four hours, or at 53* C in a water-bath for two hours (the convei,lion 
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currents set up -when the tubes are only partially immersed hasten the appearance of 
flocculation). The results are best read with the naked eye by holding the tubes against 
‘ ‘ ‘ • • • ... ^ observe 

the serum 
I, the serum 

which produces agglutination is 1 : 8.000. this is expressed by saying that 8,000 is the 
‘ titrc ’ of the scrum. 

The details of this procedure arc as follows in the case of testing a patient's serum 
w ith B. typhosus. A senes of small (3 in. by J in ) test-tubes, e.g six, is set up Into each 
of the tubes with the exception of No. 1, 0-4 c,c saline is measured Then to 0 1 c c 
serum there is added 1-4 c c. saline, thus making a I in 15 dilution , ' of this dilution 
0 4 c c. IS added to tubes Nos 1 and 3, and the contents of the latter are mixed by draw- 

• • ' • " » - -IT- — . « /. 1 . - 1- .. '—red to Xo 3 , and, 

, ■ ' > to tube 5. 0 4c c 

•. ’ :ontain 0 4 c c. of 

. tubeXo C con- 

*, ■ ich tube and the 


obtained , 

' ' 'Mur'olccpic font cf test. Equal qoantiuts ot the cUuted setum and thn 
suspension arc mixed . 

the i in. objective ' 
be found ^ery suitab ' 

is a usclul methud for prelimmar;' otervations. r f 
susoicious colomts from pUM culture of farces in order to "111' ..S™ i , 


t.on occurs, obvious of the same orgauisma (and 

heir agglutmabihty by the 

■ ' icb cultures The organism 

irdmary veal peptone broth 
shaken, and there is added 
,,gQ and placed at once m a 

to It 0 1 per cent of mercial lomuu.^ .t » •s-- ^ 

at about 2 C intbedark inesB g ^ ^ At the end of three or 


.ntml ttithout serum are 

" In testing a patient's serum a senes ol dilnuom, aia. . . 
prepared in agglutination tubes as follons . 


drops of saline . 
1/10 serum 
standard culture 
final dilution = 


I 1 

2 

3 

1 * 

5 

0 

IQ 

16 

1/25 

5 

5 1 
I/bO 1 

S I 

1 15 I 

■ 1/125 1 

1 9 ^ 

' ^ 1 

15 I 
1/250 1 

10 

0 

15 

Control 


,n. case of the enteric organum 


resents flocculi just visible to me ___ ^ ^^17 enteric 

J dysentery bacilli etc "e obton^ directions for their use. 

lindale Avenue. London. X W 0. ■v.taca 
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reference should bo made to the Medical Research Council’s Special Report Senes, 
Ko 51 ) 

FUgellar and Somatic Agglutination. Motile bacilli of the normal type of culture of 
the coll. typhoid Rroup. etc , may be agglutinated by antisera acting on the II antigen 
which IS present chiefly in the tlagclla 1 he result « rapid formation of large flakes which 
settle quickly to form a \oluminous sediment On the other hand, antisera which act 
only on the somatic (O) antigen lead to slow formation of small closely packed granules. 
The latter form of agglutination is the only one shown by non-flagcllate organisms, e g. 
di*stnter) bacilli’ 

Strains of organisms rich in the respective antigens arc selected {D lypi.osus strain 
001 H and O \ananls, etc , obtainable from the National Collection of Type Cultures), 
and twcnty-four-hoiirs’ growths arc employed To promote the formation of H antigen, 
the agar medium used should bn prepared, itom (resfi nwat (not meat evuact), react 
neutral, have abundant water of condensation, and be sterilised at 100 c , the state 
of the cultures must be controlled from time to time (a) with known anti-If and anti-0 
sera from Vabbits, to determine the presence of the respective antigens, and (6) with 
hypertonic (3 4 and C 8 per cent ) KaCl solution, in which the organisms should form a 
permanent suspension ; sedimentation would indicate change to the rough state, which 
IS unsuitable 

Tor eliciting flagellar (H) agglutination, suspensions of living organisms are best, but 
failing these, suspensions prcp.ireii with phenol or formalin may be used [vide supra] 

Tot the iletection of somatic (OJ aggfutmation m the case of an organism which 


nng After the mixture has stood for twelve to twenty-four hours at 3r C. m a capped 


The li/M of th« serum may then be delennined in the usual way by the saked-eye 
method In the case of living suspensions the results arc read with a x 10 magnifier 
alter tw o hours at 37 C , and again after sixteen to eighteen hours further at room tem- 
perature, since small flake agglutination occurs slowly With aleohol-treatcd suspensions 
twenty-four hours at 82' C should be allowed 

• • • ' -■»— ‘"nugens ani spteipt ani gr^xtp phases of 

ions on Agglutinins and on the Salmon- 

. oth strains of H rypAostis and members 

.. .• virnlent state are inaeslutinablc bv a 


margin 


curKCits must be avoided) A positive 
visible to the naked eye, which occupy 
■e . in the latter case the supernatant 
m or where the result is negative, the 
. 11 circular layer with a sharply defined 


Agglutinin Absorption 


diluted ten times) 
being used for 2 c 


an equal volume ot a tbicic suspeusion i».ue oig.iUi»iuj uo-- 

c diluted serum), allowing the mixture to stand at 37' C for two or 


See note, p 791. 
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latter have been, removed SVito^W tWs control <ho«' t>, agf-Iutmins for the 

n.ay be 

"!.' !'.“5'"". “‘'.S'"."-^ te prep,„cd (JZ ”n nnl“ ',°! 


COMPLEMENT-FIXATION REACTION OF BORDET AND CENtfoU 

The *» . 

F 

P ' 

T ■ ■• • « ..ameu out on this analogy (i-jife tnfra). A further use 

of the reaction is to iclcntify an antigen {an organism, or a protein solution such as 
serum, etc.) by showing that in the presence of a given immune-body it causes fixation 
of complement 

Guinea-pig's Camplemenl. The animal is bl«l by severing the neck vessels over a 
large glass funnel (0 in diameter) which dips into a measuring cylinder— the glass-w'are 
IS sterilised bcforcliand by heat, and when cool is nnsed with normal saline After the 
blood has coagulated, the r’-‘ •• i 

order to aid separation of t ■ 
gut from the same animal o 
o{ scNeial nmmals CompV 

when kept at roopt temperature , the serum should be separated from the clotted blood 
which has been kept in the ice-clicst for eighteen hours ; it is then ready for use The 
ciimplumcnt can be preserved for several months in the frozen state at a temperature 
below "10 C Complement which has been drvetl from the frozen state ta eae«e (ii<fe 
p 770), also furnishes a stable reagent which keeps well : before use it is dissolved in 
sufficient distilled water to make up the original volume ‘ Complement may aUo be 
preserv ed by chemical methods, e g addition to (he scrum of an equal volume of a solu- 


tne consisting of boric acid, sodium lioratc. sorbitol, and sodium azide in saturated 
NaCl solution In all cases the strength of the complementing scrum most be titrated 
at the commencement of everj* cvperimcnt m which it is employed (lufe p 94) 


SERUM DIAGNOSIS OF SYPHILIS 
The Wassermsnn Reaction (Wassermann, Nelsser and Bruck) 

The Wassermann reaction depends on the phenomenon of complement fixation of 
Bordet and Gengou (pp 9 f , 48C) It must be noted that the 

scrum which leads to the fixation of complement may vary grcatlj. „/ anti- 

cases, and in the same case at different times, especial’-, under t e ^ ^ 

syphil.t.0 treatment with salvarsan drugs, etc Vcconougly. it « po fWe 
absolutely the quantity of compfement which must b fixed in ord . standard 

result ^Ian,fcs[ly there w .11 be cases where the amou t fixed is be 

adopted and theL. which arc to be regard^ as w 

missed unless the reaction is carried out with seve'.i diffcrc varies con- 

Moreover. the amount of complement, as estimate 1 by *'>« comolement’jn difierent 
siderably m different samples of gmnea-pip » ® ! Weviatohty) B is accord- 

specimens of such serum vanes in its capatny for being nxeu ( gumea-pig's 

ingly nccessaiy for satisfactory results to estimate the h*mo oynts of serum and 

serum, and to make a senes of mixtures, ca^ ““‘f ^moiemint m each tube By such 
of antigen, but with a didcrent number ot d oses of contp 

e obtained commercially 


I Dried complement can be o 
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nquantitatuc method one can asceitam the numUr ut doses of comjilemcnt fixed in each 
ease As controls, the effect on doses ol complement of the antjfien alone and of the 
Scrum alone should he tested . alMi. knocsn no^atixe and positi\e sera should be tested 
at the same time \the latter should include one which rims onlj a cm ah renctioii} 

Qiianhfunie riiejAod In order to Carr> out the test, we reijuirc (n) the patient's 
serum prcMousI) heated at .IV i . (61 an alcoholic tissue extract (that of human or o-s 
heart, along with chnUsterol boinK nu'St widelv used) fcl the fresh scrum of a cuinea pig 
to act as complement, and (d) acnsiuvd corpuscles tea suspension of nasbed sheep or 
ox corpuscles to which base been ad<l«l fixe doses ot immunf -boify (..ide p <)1) Three 
tubes with different do'cs of cumpKment will he sufficient lor routine examination \lst), 
along with each series of tests the mcessarx ccrntwlx must he included (> iJi i>ijra\ 

OtTLiSE or THE Test To each of the three tubes add 0 5 c c ot dtlultJ anhgen {tide 
iii^ra) and 0 01 c c of the strum to ts h-sted which has lieen heated lor half an hour at 
.11 C shortly before the test 

Add to the three tubes respectixelj two four, and six doecs of complement' — the dose 
biing that for 0 .1 c c of sensitised corpuscles 

I’lacc the lubes in the incubator for an hour and a half at 37 C 
Then to each add 0 d c c of suapensum of ctir\«ttsc(«s sensitised with fist doses ot 
immune-bod> . and place again m the incuhaior for an hour and a quarter I’laco the 
tubes aside at the room temperature till the non l>scd corpuscles hasp sedimented — at 
least for hall an hour —and then read the rt‘su)t> 

Controls should lie made in each series of tests as follows tubes containing the 
stated amount of antigen along with 4. i> doses of compltmcnt, and lor each serum under 
test one containing the stateil amount of heated scrum in 0 5 cc saline along with two 
doses of complement , to all these d Sc r ofsensiiiscHl corpuscles is added after incubation 
(ot an hour and a half It is also essintial to put up tests with a known negative (prefer- 
ably a pooled specimen ol at least set sera) and positivi sera including a weakly positive 
serum — in routine work it is convenient to ficp such sera from previous tests , they are 
best preserved by trecring. but if stinlo they will keep (or a few days m the ico-thcst 
Antigen. V.xnous antigens have been used but the following gives very satisfactorv 
results Human heart muscle from the left ventricle (the cause of death is stated to be 
immaterial) is freed from visible fat. mmeed finely, and ground for a minute w ith absolute 
alcohol \\ B*ni ol minced muscle to t> c c of alcohol) m a mottat with clean sand The 
mixture 18 shaken m a mechanical shaker lor one and a half hours and then filtered 
This constitutes heart extract which keeps at cool room temperature for six months at 
least Ox heart extract may be prepared similarly 

PreparaUon oj <fili(Wd antigen I 1 volumes of heart extract are mixed with 1 volume 
of 1 per cent, cholesterol in absolute alcohol I volume of this solution is mixed rapidly 
w Ith 20 volumes of normal saline (t is advisable in the case ot each specimen of extract 
to test various dilutions of it with known syphilitic sera and find the dilution which gives 
greatest fixation of complement and then to us( this dilution in subsequent tests 


Details in 1 ’erforminc hie Test 

Reagents' : 

(o) Patient's smoii heated at 55 C lor thirty minutes before use (unhealed serum 
tiom non-sypbilitics may react posiUvelyl 

(fc; diliitton An alcoholic tissue extract (that of human or of ox heart •+ 

chutesterol] diluted with saline as described above 

(c) Catnpienieni Mixed fresh serum of at hast two guinea-pigs (iii/e p 7a0). The 
blood should be drawn and kept overnight (eighteen hours) in the nc-chest . the serum 
IS tjien separated for use The complrnient ol serum obtained too short a time after 
bleeding may he unsuitable as it tends to be excessively deviabie — see also p iJ5 
As a guide to the amounts of complement to be used the \l H D is estimated immedi- 
ately before carrying out the W assormann reaction as follows Prepare a 1 in 4 dilution 

' Use heavy 3 m by 4 m test tubes well cleaned and finally thoroughly nnsed m 
distilled water to remove traces of acid alkali, ot soap and then dried m the hot air 
ov en Conv enient tube racks have top and ends formed by a single piece of No 22 B W 
gauge Zinc or aluminium the top measures 11 in by 2^ in and the height of the ends 
i> 2i in Along each side of the top a strip of the rneUi i m deep iv turned down verti- 
cally There are three sets ol twelve equally spaced perforations in the top. each tV m 
in diameter The base is of hard wood I in thick, in which there are cupped depressions 
4 in deep in the centre and i j in in diameter, placed vertically under the perforations in 
the top The foot of the base is flush with the metal ends, to which it iv secured by 



798 


APPENDIX 


(0 3 c c. saline pita 0-1 c.c. guinea-pig's serum) ; of this add to four tubes 
each containing 0 5 c c. sensitised red cell suspension plus 0 5 c c. saline, 0 01, 0 02 0 03 
and 0 04 c c. respectively. Mix the contents well by shaking and keep the tubes at *37“ c’ 
for one hour — shaking at fifteen minute intervals. Take as the M H D the smallest 
amount of complement which causes practically complete lysis : it is usually that m the 
second or third tube, t e. 0 005 or 0 0075 c c. of undiluted complement. 

(rf) SensUised red cells, Defibnnated or oxalated blood of sheep ‘ or ox is freed from 
serum by mixing with 3 or 4 volumes of 0-85 per cent NaCl solution, centnfueine 
removing the supernatant fluid, adding fresh saline, etc., the procedure being reueated 
three tir'-'- • — •- — •• ■ - o y 


97 c c. c 
body ’ 

infrequently ivith sheep corpuscles, lysis is interfered with .'to avoid this the red cell 
suspension should be sensitised about ten minutes before use. The dose of immune-body 
remains fairly constant when the serum is kept at 6* C. , also it does not as a rule differ 
much for different batches of the homologous blood. Accordingly, it is not necessary to 
estimate the dose for each set of tests. 


Add reagents in the order shown : 

Tube No. 


Main Test. Serum Control 

2 3 4 


Saline, c c .... 






1 05 

Antigen dilution, c.c. . . . 

0-5 

05 1 

05 


Patient's serum (65® C ), c.c. . . | 

0 05 

0 05 1 

1 0 05 1 

1 0 05 

Complement M H D. . . j 

2 

1 1 

I 6 1 

2 


Mix well the contents of each tube : incubate at 37“ C. for one and a half hours, 
shaking every thirty minutes ; then add to each tube 0 5 c c sensitised sheep (or ex) red 
cells , incubate again for one and a quarter hours at 37“ C., shaking ev cry fifteen minutes. 


Conlrols for each Series of Tests • 

(A) Antigen Control. 

Antigen dilution, c.c 
Complement H D 

(B) Coinpteiueiit Control 
Saline, c c 


05 

001 


05 
0 02 


0-5 
0 03 


05 
0 04 


Complement (diluted 1 4 with saline), cc. . 

(C) In addition, a known pooled negative and a know n w eakly positive serum are alvraj-s 
tested (vide supra) 

The controls are incubated, etc . along with the mam test 
controls show that these reagents separately have only minimal in i ^ ® 

complement The complement control shows that the complemen „ jyjgj 

IU<,d alter the tabes have stood at room tempetstare to allorv aay oalyseo 

red corpuscles to .sediment (vide tnfra). . . . •_ heated 

Cerebro-splnal Fluid is tested in the same w ith 2D ^ olumes of the ‘ 

beforehand . 1 volume of the alcoholic antigen is dilated quic y jube, 

fluid, and 0 5 c c of this mixture is measured into each tube In the cont 
instead of serum and saline, 0 5 c c of cerebro-spinal fluid antigen alone. - 

Reading of Results. It will usually happen that necativc control 

• au au. — ^ mixture of tmtigen and me 


plete lysis of the negative controf serum is negatne active control to produce a 

and a half times to tw'ice as much complement as do« _ o ^ serum which fixes 
given degree of lysis is suspicious— record^ If a „ . h shows complete lysis with the 
more complement than is specified under (o), hut ‘ _ — 

"■Such blood and the o»rrc5pond.ng 

L”«pto«a-V:n»^ 

I iseeks m the ice-chest. 
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hiehpSt amount of complement, js a ueak postitte (<l) A <crun\ \\hich sho\vs no lysis in 
any tube « a strong posilne, « f one which fixes upwards of fi\c doses of complement 
more than the sum of the amounts inhihitcd by the antigen and the patient's serum 
separately. 


gi\en n to be prcJcrreil Occasionally where the usual amount of patient's scrum gives 
only a doubtful positiic result, increasinj; the amount toOlcc or02cc. may lead 
to more marked fixation of complement Altering the dilution of antigen is stated to 
ha\c a similar effect sometimes Some workers prefer to allow scrum, antmen and com- 
plement to react for a longer time at ice-chest temperature, instead of at 37“ C 

Other methmls ol pcif orming the t«t are licscn^t by yler , Eagle . Itichardson ; 
and others 


Flocculation Reactions 

The occurrence of precipitates when syphilitic sera were mused with lecithin and other 
colloids was occasionally obsersed soon alter the discos cry of the Wassermann reaction, 
but reliable forms of this test were desiscd considerably' htcr 

SstHS-GuoRGi Method Each patients strum, which should be freshly taken is 
heated at ril' C for half an hour and 04 e c of each of the following dilutions is prepared 
in SIX 3 in by J m test tubes — 1 2. 1 4 I R. I 10,1 3J, 1 64 — and a further tube 
receives 0 4 c c saline (this acts as a control of the antigen emulsion for the senes of 
tests) then tn each tube 0 2 c c of the antigen emulsion is added When the optimum 
dilution of the antigen m the test IS 1 18 al 6 emulsion is used The latter is prepared 
by mixing rapidly equal iiuantities of the undiluted antigen and salmc solution, allowing 
the mixture to stand for ten minutes and thin adding sufficient saline to give the required 
dilution 1 

tubes (p 
tcmpcrati 
eight hnu 

they are brightly lit without the rays of the lamp reaching the eyes directly Strongly 
reacting sera may cause flocculation in the highest dilutions , with weak sera flocculation 
mav be present only in the tube with the highest amount of serum The appearances 
resemble those m bacterial sedimentation Zone phenomena sometimes occur in which 
flocculation is leas with the higher concentrations of serum than with lower Known 
ncgatise and positise sera should be included tn every scries of tests In the antigen 
control and m tests with negative sera no flocculation occurs, the contents of the tubes 
being homogeneous and slightly opalescent 

.1 ntigtit This is prepared as follows • 20 grms of sheep's heart muscle, freed from 
gross fat and fibrous tissue, are ground with sand m a mortar and extracted for (our days 
at room temperature with 100 c c of 06 per cent alcohol The extract is filtered and 
0 25 grm cholesterol is added and the mixture is kept at 37' C for some days It is then 
allowed to stand at room temperature for a day and filtered This solution keeps in- 
definitely In order to standardise a new antigen it must be compared, os regards the 
sensitiveness ol different dilutions, with the optimum dilution of an antigen whose 
behaviour has been previously tested For this purpose emulsions are prepared from 1 1 
cholesterol-extract saline mixture made as described above by adding to a fixed amount 


new antigen which is at least as sensitive to positive sera as the optimum ol the old, and 
which does not flocculate either alone or with negative sera, is selected as the optimum 
dilution Knshnan has described in further detail methods of standardising the antigen 
Difficulties of this test are the preparation of a sensitive antigen and that the sensitive- 
ness of the antigen emulsion tends to vary in an unpredictable way. r g on occasions the 
emulsion will be flocculated by the control negative sera 

Meinicke's Method — Ford Robertsov-Colqcroon Mooificvtion In tins pro- 
cedure, an extract of ox heart together with toln balsam forms the basis ol the antigen . 


‘ Antigen for the Sachs Georgi test may be obtained commercially 
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it requires to be earcfuJly stantlardJscd .in<I tt rs advisable to use a rentniu- i 

Iireparatioii > Tbc patients' sera are used unheftted. A st^wk nf N’aCl (' A. K '} solutions 

^ S^m.m ' \Y IK ^ **"*’5^** diluting the antigen. 

, ft ^ c.c. pjpette graduated to the tip measure into three thick- 

u ailed 0 cm by 0-7 cm test-tubes 0 3. 0 3. and 0 1 cc. of patient’s serum 

, . n”p^'‘” tfstjn/: tuentj-scKi Into each of three 6tn bv i in test tubes 

(A, 13, ‘-i 1 c c of antigen solution and into other three 10 c c lespectuely of 

cent and I percent (C‘J saline ; place the latter three 
tubes in a \iatcr-bath at .lO C toget{jer with a fourth tube containing JO c c of water 
and a thermometer When this reg/sters C. pface the tubes of antigen-solufion m 
the N\nlcr-bath and alter two mmutes pour each 10 cc oi saline rapidly into the corre- 
sponding tube of antigen and mix thoroughly by pounng backwards and forwards (thus 
}mur the antigen-saiine mixture from tube A into A* and finally return the contents 
to tube A)— care must be taken that the outsides of the tubes are dry. so tJiat no water 
front the bnth gets into the antigen solution The antigen dilutions, which should appear 
homogeneous, white and opaque, are then rc.idy for pipetting into the sera (they should 
not be’ returned to the wafer-bathj and must be added at once, since on standing the 
rcactii ity of the emulsion diminishes A dry r» c c graduated pipeite js used for this 
piirpo'e, a separate one being taken for each antigen dilution The tubes containing 
0 3, 0-2, and dice of scrum receiie respectn-cly (1 5 c c- of antigen dilutions A, B, and 
( Cacfi tube is weff shaken, so as to mix its contents thoroughly As a control, a test 
of a known negatne serum is includcil in the senes. All the tubes are then placed at 
about 30' V. in an incubator ora cupboard free from draught for sixteen to twenty hours, 
when the results are read. 

Jfeadiitq thi results A bulky deposit at the hxit of the column of fluid along with 
complete clearing of the supernatant is recorded as •+; if the supernatant is harylt la 
read as + tr h (trace hare) or -f- h (hare), according to the degree of opacity hen the 
supernatant u opaque with only a. small disk or button of deposit at the foot the reading 
IS negative (— ) 

TTie result is returned as string positne when tube C shows complete clearing and 
tubes li and A show partial or no clearing . posttne when all three tubesoratleast A and 
D show complete clearing , weah positive when only tube A shows complete cleannz 
As in the case of the \Vasscrmann reaction, a weak positive result should not by 
Itself be regarded as of diagnostic significance 

A comparison of the results of the three reactions earned out by the above methods 
has been made by Calciuhoun, Kj Ics and Kanme 

Other methixls of performing the flocculation lest ore described by Mackie ana 
McCartney, Kahn, etc See also League of Nations IHiblications, TeM /)« in/oriiui , 
Supplement \o 0. Washington. 11339 


OPSONIC ACTION 

Opsonic action w.is demonstrated by Leishman by a simple method Equal 
ties of blood and of a dilute suspension of the organism to be tested are mixed /■ 

a small drop of the mixture is placnf on a glass slide and covered wit y , ' 

the preparation IS placed m the incubator at 37' C for fifteen minutes T * 

then sl.pjtcd „fl nncl the him on the elrfc stoned by l^tshmen s tnethob The nn^Kr 
of bacti-ria present in. say, fifty substances 

determined, and an average struck Since methcnl 

in the serum to w hich Wnght gave the name opsomHs. he elaborated ll. - lollowi g 
by w hith its degree could be estimated . . _ oaeiuc 

(1) t^reparationoj bacterial suspension In thecaseof organi ' ' . . , * p SJ 

COCCI, some of a twenty-four-hours' li'Ji'S ^’V ‘Lrlpnal cells With 
per cent saline so Ss to obtain a suspcosion con^ting ^ be necessarj'. 

certain organisms, e g streptococci m chai«. agoevd deal o ^ experience 

and often centnfuging must be ,n the first instance, but 

can a knowledge be gamed of the a”**™"* ^ cloudiness to the naked eje 
the resultant susoension uau.-illv should exhibit onVy fa'nt _ . 


* This may be obtained from the West of 

Institute, 10 Shelley Road, Glasgow, W 2 


Scotland Neuro-psychiatnc KescJrcli 
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the deposit washed with saline. In the case of the tubercle bacillus, asesen- to ten-day 


the bulk of about 1 c c This is ccntnfuRrf and the supernatant suspension pipetted off 
and diluted to the necessary dcgtec 


then Centrifuged, and when the coqiuscles arc separated the supernatant fluid is removed, 
fresh saline is substituted, and the ccninfoging repeated A ttcond w.ishing with saline 
IS practised, the supernatant lluid removed, and the greyish surface layer of blood, which 
13 rich in leucocytes, removed by a fine pipette TTic lcucoc\tes may be thoruoghlj 
mised by drawing up in a fine pipette and blowing out again this being repeated several 
times 

(3] Preparation oj the ura Each sample of scrum is prepared by the methods 
described on p $00 In every case serum from a normal individual should bo used as a 
ronttol 

The suspension, leucocytes, and serum being tUusprcpare<l an equal ijuantitj of each 
IS taken b> a small capillary pipctfc, and a thorough mi'tturc j» made m the usual way 
A small portion of the mivturc n taken up in a capillary lobe, and its ends are sealed by 
heat, care being taken that the contents arc not over-hcated The tube is then placed 
in the incubator at 37 C lor filtcen minutcv — it is an advanu?e to rotate the tubes 


coastiiufrt this opiaiiic that ol normal serum being reckoned as unity 

Tiennoslable opsoiiins These are estimated similarly, except that the serum is 
heated beforehand, say at 57 t for a half to one hour 

In the case ol organisms such as those of the coIi-typhoid group and cholera which 
are susceptible to bactenoJj sis, it may be necessary ta heat the sera at S3 C This 
destrovs any comiilemeot prest nt and prevents bacteriolysis occurnng 

beCera) modjbtations oi Wright s technique have been suggested (u* p 93) 
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PREPARATION OF VACCINES: INOCULATION OF ANIMALS: 
OJiTAINING OF BLOOD, PATHOLOGICAL MATERIALS ETC 
FOR EXAMINATION. 


PREPARATION Op VACCINES ‘ 


.If. « I’'”"'"*'' P ‘o P'tpjp » stcrue suspension of dead bacteria, In certain 
cases the bacteria arc subjected to drsmlesratins processes before bnue used, but most 
frequently vaccines simply contain killed bacterial cells Recent inteslicatioas on 
oacterni variation ha\ e sho«-n that the immunising properties of T-accines may de/wnd 
Rrc.-itly on the state of the culture from which they are prepared. In many instances 

recently isolated virulent cultures ylfJd the mttttf/ffctivcprodj/cts; 

neU in ‘ .no 


JDijIy, 
will p 

conferring protection against the corresponding wtcctions. 'I be special meMods aciopceci 
in preparing vaccines are described m the chapters on the various diseajcs The methods 
described hero apply chie/Iy to the preparaUoa of ‘autogenous' vaccines, tc. those 
derived from cultures isol.nted from individual p.ttiehts The dosage o{ a vaccine is 
coir • 1 • 1 > .. 


rn). 


a higher temperatiife must be cmploycil It isprouauic vutii. iitt, iu<'i.4 ^ ure 

at which the contained bacteria arc killed the more efficient is the resuitiag vaccine 
The success of the sterilisation must be testcil by transferring some of the heated vaccine 
to a suitable medium and incubating for /orty*eight hours Thereafter phenol is added 
to make 0-5 per cent Appropriate doses arc then with all aseptic precautions, measured 
by means of sterile graduated pipettes, and placed m glass ampoules (bulbs drawn o« 
to a capillary tube at one end^ Sufficient 0 5 per cent, phenol in sterile saline 
to make the contents of the amiwule up to about 1 c c The ampoules when charged 
are sealed , fc },omoceueous by shaking, the sealed end 

IS broken off, 
fairly deeply ■ 

distributing the vaccine is in larger amounts m vauami uwbvkw . . 

thick rubber cap * ^Vhen a dose ol the vaccine is required the bottle is ®”; 

the cap IS stenhsed, c g with strong lysol. it is punctured i«tfa a 

needle attached to a stcnlc s^’nnge and by drawing up the piston he o 

the ssTioRe. ^ Mr.re they are used, by the folioivms 

hanO I percenr of the total 
md should in no case be less 
uch th^t any phenolic anti- 

ent One-halioS the sample 

septic present in the sample is fliiuica w — 

IS used for aerobic culture test and the other half for anwromc evtract 

I„ the caso of tha aerobic cullore, the raed.ua. should ooaa.st ether of mc M 

r.’* _-r,.,(acture 

, vhere a 

. is O'vn 

vaccine is prepared speciauy loi im. . anotuei wk-.— v a Jbfied 

qualified medical practitioner or, at the lat^ > Southwark Bridge Road. 

■ Berry's pattern is made by Britton, Maicoto & Co . 3S ioatn a. 

London, SE.Z. c..h«tances Regulations, m the case o 

» These tests are specified by the Therapentic So 
vaccines manufactured for sale under licence 
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to which 1 per cent o( peptone has been added or ol an equivalent prepared by tryptic 
digestion of muscle After the final stenhsatioa the pH of the medium should be 
7 2 to 7 8 

The medium used for testing for anaerobic organisms should consist of a similar broth 
w ith the addition of heat -coagulated muscle sufficient to occupy a depth of not less than 
1 cm. at the foot of the tube . the final pH should be 7 2 to 7 8 Before inoculation the 
anaerobic medium should be heated to 100' C for a penod sufficient to free it completely 
from oxygen, then cooled to 37' C or lower 

The inoculated tubes should he kept at 37’ C for five days before the results 
are read 

Methods of Counting the Bacteria In Dead Cultures. Haemocylotneler method A 
sutficiently accurate enumeration of the bacteria in a suspension can usually be made by 
counting a suitably diluted sample on a hxmocytometer slide 0 I c c of suspension is 
diluted 1 20 by adding 1 8 c c aahne />tus 0 1 c c centnfuged methylene blue and two 
loopfuls of formalin A drop of this mixture is placed on the hxmocytomeler stage 
and the number of organisms in twenty to fifty small squares counted The ascrage 
number per square of sq mm areaxROx 10*=the number of organisms per c c of 


assisted by reading printed letters through the suspensions Bcrmanent standards for 
comparison maj be made by preparing suspensions of inorganic substances such as barium 
sulphate Brown has elaborated this method, and Cunningham and Timothy ha\e 
supplied numerical cqui\ alents of the opacity standards for various organisms > 

INOCULATION OF ANIMALS 

The anim.als generally chosen for inoculation are mice, rats, guinea-piqs rabbits, and 
pigeons Care must be taken especially in drawing conclusions from isolated expenments 
on rabbits, as they arc very liable to suffer from intercurrcnt infections It must be re- 
membered that different animal species exhibit marked variations in susceptibility to 
diSerent infections , therefore m examining material for a particular organism one chooses 
ft suse “ ■ 

origin 
may 1 
tion 

should have been kept in the laboratory fur some days In the case of the mouse and 
rat the variety must be carefully noted, as there ate differences in susceptibility between 
the wild and tame varieties, and between the white and brown varieties of the latter 
and even between different strains Larger animals are expensive and require to be 
kept under special conditions, while dogs are. as a rule not suited for experimental 
inoculation For certain infections particular species of monkeys are required 

Most inoculations arc performed by means of a hypodermic syringe The bc»t 
variety is that of the glass-metal ‘ Uccord ’ type furnished with needles of platinum- 
indium or stainless steel of various bores Before use, the syringe should be taken apart 
placed in cold water, and sterilised by boiling for at least five minutes , when cool the 
parts should be assembled w ith the aid of sterile forceps ‘ Record ' syringes are damaged 
by dry heat but the ‘ Balco ' glass metal syringe * can be sterilised in the assembled state 
either by boiling or in the autoclave or bot-air oven ' AU-glass ' synnges may be steril- 
ised and kept ready lor use The assembled synnge. the plunger of which has been 


1 Burroughs Wellcome, London, supply a senes of standard opacity tubes for the 
purpose, along with explanatory tables 

• Expenments on animals cannot be performed m Bntain without a licence granted 
by the Home Secretary According to the natnie of the expenments and the species ot 
animals employed various certificates are alao required Information on the keeping of 
animals IS contained in The UFASV Handbook onikeCate and Management of Laboratory 
AnvnaU, edited by Worden, Loudon, 1947 

> Supplied by S Maw, Son and Sons, Ltd , Aldet^ate House New Barnet. Herts 
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^ M ^>.11 used for inoculation are cultures, suspensions of animal tissues, fluids. 
etc. If the tactena already are in a fluid there is no difficulty. The syringe is most 
conveniently filled out of a shallow conical test-glass, which ought previously to haie 
been covered with kraft paper and sterilised, or a Petri dish may be used. If organisms 
growing on the surface of a solid medium are to be used for inoculation, either some of the 
culture IS scraped off and suspended lo sterile broth or gelatin-Locke solution, or a small 
amount of stenle fluid is poured on the growth, and the latter emulsifled with the 
looped wire Suspensions of bacteria m saline should be used without delay, as some 
organisms soon die in it, e g. gonococci or pneumococci' If a solid organ is used for inocu- 
lation, It ought to be first cut into small pieces and rubbed up m a mortar with sand and 
a little distilled water with aseptic precautions If a suspension is allowed to stand in a 
conical glass for a few' minutes gross particles settle to the foot or they may be centrifuged 
out at a low speed in. a covered container. ” 

The methods of inoculation generafly used are: (1) scariiication of the skm ; (2) 
intracutaneous injection ; (3j subcutaneous injection ; (4) intraperitoneal injection ; (5) 
intravenous injection ; (6) injections into special regions, such as the anterior chamber of 
the eye, the cardiac chambers, the substance of the testis, brain, etc • Of these (2). 13), 
(4), and (5) are most frequently used The animals should be held by 
a trained assistant. When an anaesthetic is to be administered to 
a small animal, this is conveniently done by placing the animal, 
along with a piece of cotton wool soaked in ether, under a bclI-jar 
or inverted glass beaker of suitable size Another method, eg as 
a preliminary to intratesticular inoculation in rabbits, is to inject 
subcutaneously, three-quarters of an hour beforehand, a dose of 
J'5 grms. of urethane per kilo of body weight, and to keep the 
animal warm. 

Seanfieetton. The skin of the abdomen ;s shaved and cleansed 
with alcohol, or clipped closely and depilated by applying a fresh 
5 per cent, solution of sodium sulphide After one minute the 
solution IS mopped off. and. if necessarj’. the treatment is repeated 
until the area is bare (imtarion of the skin will result jf the applica- 
tion of the solution is unduly prolonged), Finally, the skin is 
washed well with water and then with spirit and an hour allowed 
to elapse before inoculation. Then several parallel scratches are 
made in the skin just sufficientlv deep to draw blood, and the 
infective material is nibbed in with a platinum loop or the side of 
a scalpel The disadvantage of this method is that the moculatioo 
IS easily contaminated , , , 

Fig 22i Method /jifracu/OHmif i»;eri/bK is used to test for a local inflammato^ 
otsxormgs\rwge tvactioa e g in order to ascertain the virulence of diphtheria oaciiii 
P or to determine sensitiveness to tuberculin A synnge 

Waiuem fine needle (I S W G 25 or 2(!) is need "'.th ammsls soch ss the 

15, 10 J5 ) gumea-pig. hght-coloured or white ® ^ /oreferaWy 

fesults Me more easily rend. The areas to ^ 
on the abdomen) are first of all clipped and fpld^vith the thumb 

pointing towards the 
•ntrance into the lax 
; c is introduced ; a 
ctions IS given, these 





previo 
and fc 
operat 
subcut 
small 


the skin 
■ being 
jfected 
needle 
lected 


sinus loriimig lU uio iiveutv. tne • m 

may be passed as far as possible into the connecm-eti^v" nound is sealed with 

or the puncture may be made to traverse mmcie > > « .... .jjp animal by the tail 
collodioa. In the case of mice and tame rats, an as i. 

and the skin at the nape of the neck nf the abdomen is cut, and t e 

' ■ ' pinched up.bctwecn 
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Intraitnous uijection In the rabbit the vein usually chosen is one of the auricular 
\ ems. The part has the hair removed, the skin » cleansed, and the vein made prominent 
by pressin? on it between the point of inoculation and the heart The needle is then 
passed obliquely into the vein, and the fluid injected That it has perforated the vessel 
w ill be show n by the escape of a little blood , and that the Injection has taken place into 
the lumen of the vessel will be know-n by the absence of any swelling in the surrounding 
subcutaneous tissues In rnicc and rats a very fine short needle, as for intracutaneous 


a linear incision about 0-25 in long is made parallel to it through the overlying skm and 
the subcutaneous tissue is then pushed aside with pointed forceps 

Si<6iural injection tn the tahhn The animal is anxsthetised with ether, and the hair 
between the eyes is shased , the bare area is then cleans A sagittal incision about 1 in 
long IS made i to { in to one side of the nud-bne. with its centre opposite the middle 
of the eyes The mesial flap is pulled aside and a small hole sufficient to admit a hypo- 
dermic needle is drilled 2 mm. to the side of the point where a line joining the outer 
canthi of the eyes crosses the mid-hne of the skull. (A small wedge-shaped, blunt- 
pointed drill with a cutting edge should be us<d in order to avoid opening the dura and 
damaging the brain ) ^^'hcn the dura is exposed a fine needle can be passed honrontally 
into the subdural space for about |in . 02to04cc. may be injected stow ly The skin 
flaps are sutured, and scaled with collodion For cleansing the skm before incising, 
painting with a mixture of brilliant green and crystal ciolet, 0 5 firm each, dissolved m 
100 c c absolute alcohol, is most effective . the area is ready when the alcohol has 
evaporated 

/iifriierrri>rai injection ir the ralbii A median longitudinal incision is made through 
the prepared skin over the vertex . the periosteum is then similarly incised, but slightly 
to one side of the mid-hne, and pushed aside to expose the bone A hole is then dnlled. 
through which a fine hypodermic needle is passed into the brain to a depth of 3 mm , 
0 4 c c may bo injected On vvnthdrawmg the needle the periosteum )s at once brought 
over the hole and the skm is sutured It it is desired to make the injection into the 
occipital lobe, the hole is dnlled at a point 2 mm lateral to the sagittal suture and 1 S 
mm anterior to the lambdoidal sutore 

In mice intracerebral injection is made as follows the shin over the vertex is depil- 
ated and cleansed, and, under an anxsthetic, a fine needle is passed for about 3 mm 
through the bone slightly behind and to the side of the vertex about 0 03 c c may be 
injected 

Iniraspinat injection tn the rabbit can be made through the space between the seventh 
lumbar and first sacral vertebra? . the spine of the iormer lies m a line with the iliac 
crests 

Other operative procedures in special regions of the body are carried out with the 
usual aseptic precautions 

After inoculation, the ammalsoughttobekeptm metal cages, which can be thoroughly 
disinfected subsequently Preferably they should open from above . otherw ise infective 
material may be scratched out of the cage by the aniraaf (see Jfiies and Sfitcfieii| The 
cages can be stenhsed by boiling in a special steriliser The general condition of the 
animal is to be observed, and in any expenmenl m which the animal survives for some 
time It should be weighed at regular intervalk, e g weekly The temperature is usually 
taken per rectum An ordinary clinical thermometer is smeared with vaseline, and the 
bulb inserted just within the sphincter, where it is allowed to remain for a minute . it is 
then pushed well into the rectum for five minutes If this precaution be not adopted a 
reflex contraction of the vessels may take place, which is likely to vitiate the result by 
giving too low a reading The normal rectal temperature of the rabbit is on the av erage 
103 4° F , but marked variations occur, and up to 104® F is not a signihcant increase , 
that of the normal guinea-pjg may be 90 6 to 102" F Mice are kept singly in < yhndncal 
glass jars measuring 9 m by 5 J in The covet for a jar consists of a nm of tinned iron to 
which a disk of fine-mesh monel metal gauze is soldered , a lead bar across the top gives 
sufficient weight 

'-dlon Capsules. These have been usedto allow the sojourn of bacteria within the 
animal boJv without their coming into contact with the cells of^the tiwues Various 
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and in one end there is /ixed a small piece of thm glass tubing by gently heating the glass 
and inserting it. The tube becomes fixed when quite cold, and the junction is then painted 
round with collodion, which is allowed to dr>' thoroughly. The bore of the tubing is 
cleared of any obstructing gcJatin. and the whole capsule is dipped into a solution of 
collodion so as to coat it completely The collodion is allowed to dry, and the coating is 
repeated , it is also advisable t*> strengthen the layer by further painting it at the 
e.xtreniity and at the junction. The inferior of the capsule is then filled with water by a 


quantity of the broth is removed, and the contents arc inoculated with the particular 
organism to be studied, or an emulsion is added. The glass tubingisseued lO stenJe for- 
ceps, and is sealed ofi in a small flame a short distance above the junction. The dosed 
S. 1 C ought then to be placed m a tube of stcrife broth to test its impermeability. The 
result IS satisfactory if no growth occurs m the surrounding medium The sac with its 
contents can now be transferred to the peritoneal cavity of an animal 


Autopsies on Animals alter Inoculation 

The examination should be made as soon as possible after death , it is preferable to 
kill the animal wiicn jt shows serious signs of illness The surface of the animal should 
be soaked in S per cent, lysol. or in coirosu-c sublimate (I ; 1,000). This not only to a 
certain extent disinfects the skin, hut, what js more important, prevents hairs which 
might be infected with pathogenic products from getting into the air of the laboratoiy. 
The animal is stretched out and firmly fixed by stout pins to a wooden board which is 
laid m ft shallow trough made of metal or earthenware. The instruments necessary are 
fcalpcls {with metal handles), dissecting forceps (fine and coarse), and sdssert stmlised 

by boiling for five minutes Several, at 

boiling, they may be placed between stcri 
should be at hand It is also necessary' * 

ftkuil. etc , IS to be opened Jt is well t<f hate sterth cspiJiary p/pettes stored la a stems 
cylindrical glass vessel (I'lg 220). also some larger sterile glass pipettes and stenle deep 
I-’etri dishes for recei' mg tissues The hair of the abdomen of the ammal is remov ed If 
pcpitor ■ — 

hanks the fluid being allowed to run up the tube and the ends seaicu , o* 

tity may be taken in a stenfe pipette If peritoneal fluid is not reqinred, an . 

made from the episternum to the pubes, and the thora.v and pendini 

„ jtions from the 

I ventricle with 

heait s ve some of the 

a cauterv’, make an incision in me iiiMiiJie oi lut *.«.» _ j «nd 

^ . nr introduce a looped wire 

To examine any organ prc- 
<T> 700) The 

■ jnsarebems 

^ttheejrt 

deal. W..1, ..,e o,,e,a.o. ..... Vw.s.al aad V.™ (fi 


Spontaneous Infections common m iauoMiiiiijr 

Oumea-pigs Pseudo-fubercnhsis due to B pseitdotubenn ost ^jje splrri' 

usually chr *’ *- rhe abdominal organs, ”P'=^r.,;„„mococCi, 

paeumoto 

Jb^ 

Paiiilo-liiOmulims of chronic tyj^ (sec fene"*'”* 

due to P- Uptseptica (nasal catarrh, bronchitis, paeu 
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enteritis due to Salmonella organisms or coccidiosis. Spirochatosis (chronic ulcerative 
lesions of oro-nasal and ano-gcnitat icgions). Myxomatosis Parasitic man^e (ears). 
ZTiirr/’^rt/i/is Ilebnmths (cysts m omentum and liver) 

Rais Respiratory i»i/rf<if»PM <fuc to Streptobatittus wn»u/i/t>rmis. etc Eirterilis due 
to Salmonella organisms, especially G.Trtncr's bacillus Mange (root of tail and tip of 
ear) Uchninths (cj-sts in liver and mesentery) Aseptic suppitraiion in glands of neck 


OBTAINING OF BLOOD, PATHOLOGICAL MATEBIALS, ETC. FOR 
EXAMINATION > 

All specimens intended for bacteriological examination should be taken ivith such 
precautions as will reilucc to a mmtmum the chances of contamination from external 
sources At the same time admixture with antiseptics must bo avoided Specimens 
should be received directly into sterile vessels If possible, these should at once bo closed 
with suitable aterdc stoppers . otherwise, a porUon of the specimen should be transferred 
at once to sterile containers provided with a stopper Containers for sputum, etc , to be 
examined for tubercle bacilli most not be closed with ordinary corks, as these may 


and ' blackol ‘ paper liners are cheap and should be renewed each time In most cases the 
examination (making of cultures, films, animal inoculation) should be earned out soon 
after w ithdraw al of the matenal from the body, as many pathogenic organisms soon tend 
to die or. when present m mixtures, to be overgrown 

Removal ot Blood-Samples from Rabbits. With proper care any amount of blood 
up to oDC'third of that contained m the body can removed from the ear-vcm of a 
rabbit The animal, which must not be excited, ispkvced on a bench, and its body kept 
warm by being covered with a cloth The car near the root should be shaved over the 
marginal vein, the hairs on the edge of the ear should abo be clipped short It is best 
to have the ear dry, as the evaporation ot fluid causes contraction of the vessels In a 
great deal of haemolytic work absolute stcnlity of the sample is not necessary, so that 
washing the ear is not required W’hen stcnle blood is desired, the precautions detailed 


waves of contraction of the ear vessels will be observed to occur, the passing ofl of which 
must be waited for. and from time to time the clot must be gently squeeiert out of the 
opening in the vein with the fiat side of the needle, or it may be necessary slightly to 
enlarge the opening, but rubbing of the area must be avoided The blood should be 
allowed to clot completely, and then, by means of a stenie platinum wire, the clot should 


watch the progress of an immunisation procedure by removing a sample of blood, 
t g 20 c c by this means, without the animal being killed 

This method can be applied in guinea-pigs, provided these be of fair size Here suc- 
cessive samples of 2 c c can be obtained from the ear veins Daily samples can thus be 
obtained from an animal If care be taken not to make ragged openings in the 


I A packet containing a pathological specimen may be sent by post provided that the 
regulations of the Pottmaster-General are complied with The packet must be clearly 
marked ' pathological specimen — fragile, with care ’ and be sent by letter post only 
The specimen must be enclosed m a container which is surrounded by sufficient absorbent 
material (cotton wool, sawdust, etc ) to prevent any leakage in case of breakage The 
packing matenal must also prevent the container from shifting about inside a stout case 
in which the whole is packed 
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Wood flow" removal of the previous scab wiH be followed by a free 

fo S^r irfrn^ obtained from rabbits, gninea-pig:s. and fovls by cardiac pimctore 
(p. 746), or from the wingovem in birds. ‘ 

If it is desired to bleed the animal out it may be an^sthetised with ether and bled 
from the carotid artery. The blood is received into a sterile tube which has been rinsed 
out with saline to ensure retraction of the clot. The serum which has separated from the 
clot on standing for twenty-four hours in a Cool place is stored m lengths of sterile qudl 

t ....j _ it- T> nsenflame It 
the addition of 
' or the servm, 

Blood for Cultivation, Scrum, etc. In the human subject this should be drawn from 
a vein. The skin of the arm at the bend of the elbow is cleansed mtb sterile gauze 
swabs soaked m alcohol or the mixture of brilliant green and crystal violet (p. 805 ) ; 
then a tourniquet, e g. several turns of stout bandage or indiarubber gas-tubing, is 
applied round the upper arm about the middle of the biceps, or the hands of an assistant, 
so as to render the veins turgid, but not to obliterate the radial pulse. Congestion of the 
veins is aided by the patient opening and closing his hand vigorously ; in difficult cases 
the arm may be immersed in a basin of warm water. {In stout subjects the vein may be 
palpable to the finger as an elastic cord when it cannot be seen ) The skin at the elbow is 
rendered tense from behind by the operator's' left band ; the syringe, with needlei 
attached, is held in the right hand and almost parallel with the patient’s ana ; then the 
needle, wth the eye turned awaj’ irom the shn, is inserted into a prominent vein. The 
- - •. — ■> --•'Si* being pointed 

• Jood are drawn 

iilcthe plunger 
d, otherwise a 

hSBmatoma tends to form , thereaftextheneedleiswitnaidwuiioiu Uiu vnn, and the con- 
tents of the syringe are at once emptied into a suitable receptacle, test-tube, flask, ete 
(the mouth of which must be flamed when the plug is removed), which is then closw 
again immediately. The synnge and needle must be thoroughly washed out »wfh 
antiseptic solution without delay. Where the specimen must be transported for a 
considerable distance the container should be of stout glass and closed by an 'hdia* 
rubber stopper Alternatively, a C or screw-capped bottle is used (A u 
IS punched m the metal cap, a rubber washer is inserted. 100 c c fluid medium P 

the ran serened do«vn and the apparatus « JS a sSble 


blood cultures in s^oTuhon ol'^bili 

il proliferation 
but hepanrt i» 

■ 'Funi Accord- 

more suitable, as it also inhibits anti-baclenai j. bje to use broth made 

ingly. for growth of aerobic organisms m Wood culture r-se containing I in 

* ..„,i «„ntnne or from digest and m ^ ,’ddcd 

I should each \x 


is suitabli 
0 I per ce 
tiotx of 1 
of blood 
men should be mixed with i 


1 equal volume oi a soiuuoi* 


1 Supplied by Marshall Leconte & Co. 32 Lynton ^lev, I'*'"* 

* Supplied by Viscose Development Co , Woldharft I • 
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Kxhum chloride 0 grms m 1,000 c c. of water which is distributed in tubes (all sterilised 
.1 -*-1 _it — _ . * ->3 o( blood can then 

' ' or ‘ alt glass ' type 

. . • u in external diameter 

(l.S W.G.. IS to 110) ; the separate parts should ho placed in cold water and sterilised 


and kept clo-Hid until required. Tor the mode of use of the ' Batco ' syringe sec-p 803 
J)r>iring teiiide.t This is a complete apparatus, supplied sterile, for withdrawing a 
specimen of blood from a \ cm For making blood cultures a form is provided containing 
suitable media with which the blood automatically mixes 

i'o* sereiegirui f#«j another method is to insert a needle into the vein and to allow 
the blood to How directly Irom it into the tube \\'heii the scrum is required, frothing of 
the blooil must bo asoidcd Bacterial contamination of specimens for the \Vassermann 
test may be prevented by adding one drop of 6 .■» per cent aqueous solution of sodium 
aride per c.c to the separated serum 

.IfrtAod oj oltainuig a imall iamf'le of blood serum The circulation in the hand is 


the tube so that the other end can then be sealed In this way several c c of blood may 
be obtained Separation of scrum is aided by centrifuging the tube 

Cerebro'Splnsl Fluid. Lumbar puncture is earned out with a special needle fitted 


js fully exposed The skm over the lumbar region is then carefully cleansed and 
stcnliKcd and the operator must obscrx’c strict aseptic precautions throughout The spines 
of the lumbar vertebra having been counted, the left thumb or forefinger is pressed into 
the space between the third and fourth or fourth and fifth spines in the middle line . 
the 7>eed}e i»ith the sMette mj JvJare) *s then inserted about 1 cm to the ri^ht of the 
middle line at this level (or the needle may be insetted in the middle line) and pushed 
through the tissues, its course being directed slightly inwards and upwards till it enters 
the subdural space (about 5 to 6 cm in the adult to I 0 cm in a small child) \%’hen this 
occurs, the stilette is withdrawn and fluid passes along the needle, sometimes actuallj 


for some hours afterwards 

Pieces. Specimens intended for bactenological examination should not be mixed 
with urine tor the detection of bacilli of the enteric and dysentery groups a loose 
motion must be obtained, and in the case of suspected carriers it may be necessary to 
administer a purgative, e g calomel On the other hand, for the detection of cjsts of 
tiifamfffca htstolytica portions of mucus from the surface of solid motions arc selected 


I Metal cases with screw lids to accommodate synnges are obtainable commercially 
• Supplied by Bayer Products Ltd , Africa House, Kingsway, London, W C 2 
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sofficienf usual stenhsed Saab soaked ia the f» 




.,..„.o a^s,a,a.u» uasuis ueol stenlaed beforehand by autoclasan.- 
or a I lb. dear glass jar mth 3 iu. neck and a screw hd*S „bb; 
W ““ Pmversal coatainenf ma"S 

glAss sped 
stouter th 

F™.P® ““SI 1>» delayed for 


suppression of the specific organisms by B. ceh which uoild othennse 
occur. 

Secretions from Throat, Nose, etc. Specimens of these secretions 
are obtained by nibbing the surface with a ssvab of cotton'wool wrapped ' 
round the end of a strong wire. The swab is kept in a narrow test-tube 
of stout glass, and the other end of the wire is fived in the cork stopper 
The whole apparatus is stenhsed in the autoclave and kept ready for 
use In taking specimens from the throat jt js important that no antj- 
Fic '*'*5 Post should have been applied {eg. as a gargle) for some hours before 

nasal ’ swab" ^ should be mounted on a thinner wire, e g I S.W.C 19 

(After Mtn Secretion from the Naso-pharynx. A specimen of pharyngeal mucus 
filth Ball , may be obtained by means of a swab of cotton wool on the end of a 
19-16, 5, 187 ) metal wire. The wire ought to be longer than that used in the case 
of a throat swab and bent near th^ extremity A tongue depressor 
JS used , the wire is introduced into the mouth, and passed up behind the soft palate 
and then brought into contact with the po.stenor phar>mgea) wall Care must be taken 
not to touch any part of the mucous membrane of the mouth The best method, how- 
ever, IS by means of West's tube This consists of a glass tube shaped like a catheter, 
in the interior of which is a thin wire beanng the awab, the latter 
being just withm the end of the tube The bend of the tube can be P) 

used to depress the tongue, or a depressor may be used, and when 
the tube is sufficiently introduced it is turned up t^bind the soft 
palate, and the end of the wire is pressed so as to protrude the swab, 
w’hich IS brought into contact w ith the pharyngeal ^^xiIJ The swab is 
then draivn back into the tube and the tube is removed from the 
mouth It IS important to avoid contamination with mouth organ- 
isms. which tend to inhibit the growth of meningococci. Cultures for 
the latter must be made at once and placed m the incubator as 
quickly as possible, as cold has an injurious effect on the organisms 
If the inoculations have been made at some distance from the 
laboratory, the plates should be earned in an apparatus with a hot- 
water jacket — a bag contaimng a hot-water bottle is often sufficient 
If it is not practicable to make cultures at the time, the swab should 
be inserted into a small amount of blood agar at the foot of a stout 
test-tube , this may be kept warm m a -pocket Plates shoaid be 
inoculated both from the swab and the blood agar 

Fig 223 illustrates a post-nasal savb suitable for obtaining 
specimens from children aged six months to five yeare for the Test- 

diagnosis of whooping-cough (Tarr) No 16 ISWG brass wire (ubeandpipet'* 

IS used and the whole apparatus, mounted on a cork, is enc ose Auidi 

m a stout glass tube and sterilised . rontaimap 

Urine. Care must be taken to prev’ent the contamma ’O" bactena 

the unne by extraneous organisms Jn the male. . 

drawn by a sterile catheter into a stenie %-essel arc P” ’ _p,tuswith I • 1'^ 

It IS often sufficient to ^vash thoroughly for ^re thorough cleaning 1 

corrosive sublimate— the lips of the meatus IwiOo „ hich i-J rejected 

the unne is then passed into a senes of stenie cem '.ynjar precautions as regards 

m case contamination has occurred In die *‘^***_« ^ specimen^should he «ntn^e^ 
e.xtemal cleansing, a stenie catheter roust \x used tramming for tubercle baci 

and films and cultures made from the sediment In examim^g^ 
it may be adrusable to collect the tisenty-four 
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to rcmo%c some of the seihmcnt which has settled and concentrate the latter in the 
centrifucc 

Post»mottem Material. Since all surfaces, instruments, etc , itt the post-mortem room 
are likely to l>o Rrossly contammaietl. the first caro should be given to obtaining speci- 
mens of body fluids where iKictenological examination is important Blood should be 


coltnn wool which is inserted before sterilising 

Solid organs to be examined should, if possible, be obtained whole They may 
be treated in one of two wa>a. The surface over one part at least I in broad is 
seared with a cautery hcnte«l to dull ted heat All superficial organisms are thus killed 
An incision ii made m this seared tone with a sterile scalpel, and small quantities of 
the juico arc rcmosccl by a platinum spud to make coscr-gUss preparations and plate 
or smear cultures, etc, fa piece ol quiU lube drawn out in the llanje till slightly n.arrowed 
at one end which is then broken across so as to lease a jagged edge, is a good substitute 
for the spud) (-) An altcrnaUse method is as follows Tlie surface is sterilised by soak- 
ing It well w ith 1 . 1,000 corrosisc sublimate for half an hour It is then dried, and the 
capsule of the organ is cut through with a sterile kmle, the incision being further 
deepened "by (caring In this way an uncontaminated surface is ohtamed 

The clinical histor>’ of the case \siU often suggest what the procedure ought to be 
m examination U should be remembircsl that organisms may occur in the tissues of 
cadasers apart from disea«e processes, owing to msasion aide or post mortem Among 
tho^ specially likely to be found arc U eo/i. staphylococci, non-hxmolytic streptococci, 
and H. velthu The organs most likely to be m(ectc*l in this way are the lungs and then, 
in descending order ol frequency, kidneys, liver spleen, and heart blood (Bum) In 
bodies placed at lO’ C soon after death no marked diflerence has been found as regards 
the presence of bacteria after one hour and forty-eight hours 
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EXAMINATIONS IN CONTROL OF CHEMOTHERAPY WITH 
PENICILLIN, SULPHONAMIDES. AND STREPTOMYCIN 


Estimation ol Penicillin in the Blood, Cerebro-spinal Fluid 
control of systemic treatment ’ 

absorption of the drug occurs, 
the plasma or serum Accordii 


etc., and Urine. 


In the 


1 - --j ol me sianuara Oxford H ' strain of staphylococcus. The 

method is that used for estimating the effect of a slowly-acting antiseptic in a fluid 
medium Under aseptic conditions 0 5 c c. amounts of doubling dilutions of the patient's 
serum {freed from red blood corpuscles by centnfufeing) are placed in a senes of 3 in.by J in 
test-tubes plugged wth cotton wool. tie. undiluted. 1 in '2, 1 m 4 to 1 in 64. etc . the 
diluent being broth. Then each tube is inoculated with a uniform amount of staph) lo- 
coccus, say 0 05 c c. of a 1 in 300 dilution in broth of a twenty-fouf'hours' broth culture 
(the strains recommended for use are N.C.T.C. 6571 A or 6718) The tubes arc incubated 
at 37® C and the results read after t«enty*foar and forty>eight hours Growth is shown 
by the development of turbidity, w-hile the sterUe tubes remain clear. It is advisable, 
however, at least until the observer has gained experience, to check the results by making 
subcultures, since accidental contaminations may occur ; also partial inhibition of 
growth, short of sterility, may lead to only a slight cloudiness which is readily over- 
looked. The subculture consists of a single stroke with a loopful of each mature ; thus 
a 4-in Petn plate of agar will accommodate a considerable number. By comparison 
with the control senes the concentration of peniciUtn in the serum may be expressed in 
terms of units It should be noted that any slowly acting antiseptic is liable to give 
varying results in duplicate tests of this kind ; therefore if a high degree of accuracy » 
desired, multiple estimations should be made with the same specimen of serum The pH 
of the medium must be standardised , pemcilhn being acidic is diminished m its anti- 
bacterial activity by increase of pH Human serum has a certain destructive 
pemcillm, therefore tests should be made as soon as possible after withdrawal of toe 
blood or, if there must be an i&terval up to twenty-four hours, the serum should be ep 
in the ice-chest The pemcillin-content jif cerebro-spinal fluid, exudates, etc , 
tested in the same ivay. The standard culture should be subcultured once a 
the culture kept m the ice-chest From time to time plating should be earned ou a 
the next subculture made from a murture of several typical smooth colonies. 

Urtne may be tested like serum b)’ the dilution method It must fiist o a 
ised by filtration , also, as its content in pemcillm is likely to be hig 
rmmstratjon of the drug (unless there is infection of the unnary trac v .nSOO 

which produce peniciUmase), it is usual to prepare dilutions m broth o ' ' . 

etc. The exanination of th^ urme is chiefly of value in checking the permeabilit) ol 

Other organisms have been used instead of the st phylococcus for sue 
sensitive streptococci or sponog Gram-positive aerobi haciJ _n„red aearinocu- 

Another method consists in using Petn plates infiy ehich ® liroth culture oi the 
•ated in the melted state mth lOtoOlcc ofatw in the ice- 

standard staphylococcus The plates ought to be these conditions 

chest for twenty-four hours before use, as hrtls Hnmeter and 1 mT thick, 

Then stenle 12-mm.-long cylinders of glass tube ® xiuns-n flame anc. 

with smooth ends (or similar tubes of stamless * cel) are w ^ plate). The) 

placed on end equidistant on the surface of l '« „ the plate is inverted, buj 

should be made sufficiently w arm to cause the a to aanere v jhe plates most 

not hot enough to melt the medium , thus r senes o fluids Tor 

be at once returned to the ice-chest till the cups ° . ^^^31 dilutions of the spe<^' 

use the cups are practically filled by means of a pip« 
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The results a ‘ ‘ ‘ ’ . ’ ■ , 

horizontal. ' • 

then asccrtai 
in units per c • 

plied by the dilution factor The results arc stated to be most reliable «hen the values 
(or the specimen coincide with points corrcspondint; to between OS and I 4 units o( 
penicillin per c c 

Micro-methods msolvinc the use of slide cells or capillary tubes lm‘e been 
desenbed by ricnnng, in which the penicillin content is estimated according to the 
inhibition o( hamolj sis produced bv the patient's strum, etc . in a mneture of broth and 
human Btonp O blood (depnved ol living leUtoc>tes) inoculatid with a h.Tmolytic 
streptococcus 

Esdmadon of Sensldieness at Organisms (o Pentciliin and to Sutphonamides. The 
prospect of treatment with penicillin proving effective in the individual patient depends 
on whether the infecting organisms are sensitive to the drug Thts mav be determined 
by inoculating medium containing penicillin and ascertaining the behaviour of the organ 
isms in comparison w ith a standard culture Tlie test maj be earned out in the same w av 
as that described abov e for the control in fluid medium, except that the organisms under 
investigation and the standard culture arc compansl in parallel senes A rapid method 
apparently eatisfactory for practical purposes is that recommended by Hcmmg 
Tow anls the sid<> of a phttc of agar or blood agar (20 c c of medium for a 4 in plate) 
a rectangular strip of the medium about J in Hide is removed, so that a ditch loft 
The cut edges of the ditch are then sealed to the glass by touching with a warm metal 
rod (this prevents fluid from passing between the meilium and the glass) On the 
8urf.acu of the medium a stroke culture is then made of the organism to be tested, which 
IS at right angles to the ditch and starts from its edge— several different cultures 
including the control standard staphylococcus may be tested on one pfafe at the same 
time I inally the ditch IS filled with a solution of pemcillift containing 1 to lOunitsper 
c c The plate is kept at 37‘ C lor eighteen to twenty-four hours or longer , then the 


(tide in/ra) 

In the case ol 


tulfihenaimJi drugs a similar ditch is cut across the centre of the 


twenty-four hours’ culture ot streptococci in stniiu oioui since itie luiuviioi/ cuccu ci 
sulphonamides is most apparent with small numbers of organisms After incubation the 
lengths of the tones of inhibition are compared as in the case of penicillin 

Estimation ot the Amount ol Streptomycin Contained In Serum. This may be earned 
out as for penicillin A strain of Fn^iandcts bacillus {Klebsiella pneuinomcE 41) 
» Mn...in.n af-rording to Mav el of , the result 
the size of the inoculum, access 
been recommended A mixture 
_ osc in distilled water I volume, 

and saturated solution of phenol red in distilled water 3 volumes (all sterilised by 
boihng or in the steamer) is inoculated seith one-fiftieth of its volume of a 24-hours’ 
broth culture of the organism Then equal volumes of this and of doubling dilutions 
in saline of patient s serum (previously heated at 56'' C tor 30 minutes) are mixed and 
<}istfibated either into small test-tubes (0 5 c c ) or capillary tubes (2 5 cm column of 
fluid)— the latter being left open and fixed honzontal with plasticine Alter 24 hours 
.it 37° C the results are read Growth of the organisms, which will wcur in concentra- 
tions of streptomycin under 1 in 4 to 6 millions, is shown by the transparent red fluid 
becoming yellow, opaque, and clotted A control senes is set up with human serum 
containing a known concentration of ttreptomyem {eg J in 1 miJhon) By comparison 
with this the amount in the patient’s serum is estimated 
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Test ot Senslllveness ot a Culture ot the Tubercle Bacuius tu Streptomycin. A homo- 


Oul»s e! al « a Bijou scruu-Hmpped bottle. After 7 to 10 days at 3T C 

O-Ou c c. ol the 1^0, rth ts used to inoculate a bottle of the same mitture, uhtch should 
shot! good KfOutb after 7 to 10 days’ incubation The culture.-diluted if rroniml 
should match Broun s opacity tube Ko. 2 ; it is then diluted 10 times further for nut 


A Similar senes is prepared with a standard \inilent human strain of li. tuberculosts 
(H37 Rv of the U S.A. Depot of Standard Cultures), This is maintained by triplicate 
subcultures made at 3-weekIy inter\-als id Proskauer and Beck's medium fKH,rO, 
6 grms, asparagine 5 grms , JlIgSDj-7HjO 0*6 grm , magnestarti citrate 2-!> grnis. 
glycerol 20 c c.. water to 1,000 c c . adjusted to pH 7-8 with 40 per cent solution of 
NaOH, about 3'5 c c being needed, and autoclav'ed at 10 lb pressure for 20 minutes, 
after which the pH should bo about 7-<) A portion of the surface growth is used to 
inoculate a bottle of Tween-albumin medium and a subculture from this (as atwM’) 
employed for testing sensitivity A comparison of the concentrations of streptomj-cin 
which inhibit growth of the standard organism and that under test gives a measure 
of the relatne sensitiveness of the latter 

(Special precautions roust be taken jo pipetting suspensions of hvjng tubercle baeiiii 
in order to ai’oid dispersal of the organisms in the air ) 

Tweeri’atbumtn tneditmi jor stibfnergfd-dispersed iroulh of tubercle b<fcilU (Dwbos and 
Middlebrook) Dissolve KH,P 04 i grm, bTajHPOi'iSHiO 0 3 grms, and .isp.iragine 
I to 2 grms in 100 c c water by heat, then add 850 c c water and 20 to 40 c c auto* 
cla • * I - - » — * 'V -7.1 «,.nA Type B of Sheffield 

pa ' aboratones, Detroit 

,s i I cc. of solutions 

of eacji oj iiju iouciwjui! — .J 4iw. * 4,.. . , / . t cent, ZnhO, OUl 

per cent , CuSO* 0 01 per cent ; then adjust the solution to pH C'5 to C 8 To OO cc 
of this mi-’cture add 0 5 c c of a 10 per cent aqueous solution of Tween'80 (wtuca m 
kept in the refrigerator and must not be used when more than one month old), sterilise 
m the autoclave and add iO c c of 5 per cent aqueous solution of albumin (Armours 
■ bovine plasma fraction V ') previceii' «tArilised bv filtration, preferably through a 
sintered glass or porcelain filter, anc 
been sterilised in the autoclave Cl 
substitute for the albiirnm niav be 

to pH 2 0 by addin ' . . 

minutes, centnfugee 
cipitate IS removed ^ 

Medium used by the F ’ ’ - «t the oirrj/iu/iyb... 1 

Trials Committee, Medical 

of Dubos and Davis fp. 2- . . , * • 


citrate 1-5 grms , 5 IgS 04 

(vide su/ira) , then 6 c c 10 per cent solubon ot lwecn>b>i,' «- tjie 

acid hydrolysate (p 738) and distiUed water to 1000 c c ^ screw^ap!*'-! 

pH of which should be 7-2, is distributed m - V ^ ,"„Vo 1 cc of » prr 

bottles and autoclaved at JO Jb pressure lor JO through a diA ‘'f 

cent solution of bovine albumin {tide supra) stcnU<ea l»> n r ^ McCartney, 

Seitt tsT'C, IS added to each bottle (The medium , ep 13 ) 

Southern Group Laboratory. Park Hospital. Hither Crttti. - 


» Obtainable from ifessrs Honej'w ill and Stein. Ltd 
SWl 
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METHODS or DEMONSTRATING FILTERABLE VIRUSES 

FILTHATIOM 

In order to ob\ i.itc fallacious results tiRid precautions must be exercised in attempting 
to demonstrate tfie capacitj- of siniscs to pass through Afters which retain the ordinary 
bacteria {p The filtration should tic earned out within the minimum time, but the 


f’roiligiosus to the matenal before filtration and test the filtrate for sterility by the usual 
culture methods— this organism is readily recognised by the pink colour of its colonics 
growing at room temperature In any case the bacteriological sterility of the filtrate 
must be controlled by making cultures under both aerobic and anaerobic conditions 
The demonstration of the \ irus will depend finall) on the expcnmental production of the 
charactcri<>tic disea-^e in susceptible animals (or. in some cases, human soluntcers) by 
inoculation of the filtrate obtained from material likel} to contain the \irus (eg blood 
serum, nasal nnd throat secretions, tissue emulsions, infiammatnry exudates) To 
establish the occurrence of propagation on the part of thcsirus. passage through a senes 
of susceptiblo animals is carried out after the first experimental results are obtained , 
cultisationm thochorio>a1lantofc membrane, etc of chjckembrjosmayalso be combined 
with this Inprcliminarj’cxpcrimentsoneof Checo.-irscr filters IS used, r g aUcrkefcldV 
orChamhirland L, In further tests, finerfifters may be employed to estimate the degree 
of filtcrability of the sirus Uith a mcu to determining the size of virus particles, 
methods of ' ultra filtration ’ have been applied in which the filter membrane consists 
of a thin layer of collodion According to their moile of preparation the permeability of 
such membranes may be gradtd [tide p .'J9) , the permeability also depends on thu 
filtration pressure employed Collodion membranes are now chiefly used tor work on 
viruses ‘ A difficulty which attends the interpretation of the results of such expen* 
ments is that the virus may be attached to other particles, and so its retention by the 
filter may be due to the characters of these Further, absorption of the virus by the 
substance of the filter, and not the size of the particles, may account for its retention 
(The distribution of a virus when a suspension of matenal containing it is centnfugeO 
may likewise depend on the size of the particles to which it is attached ) 

INCLUSION BODIES 

Staining Inclusion bodies arc usually acidophtle and less friqucntly basophils 
Dilute Giemsa's stain, used as in staining elementary* bodies {ude iiijra). is suitable for 

• 7001 

lution 

lOl (to 
70 per 

cent alcohol), the differentiation being controlled under the microscope , the sections 
are then dehydrated and mounted Tissues fixed m formalin are not suited for staining 
by the above method, but good results may be got by substituting aniline blue or soluble 
blue (C I No 707) for methyl blue in the stain, allowing it to act for five to ten minutes 
at 40' C on the section and differentiating ut alcohol to which a trace of alkali has been 
added (Hutcheson) 


' Collodion ' gradocol ’ membranes are obtainable commeraally 
815 
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Ford’s modification of Mann’s statn. Sections are stained as above for three hours at 
37° C , then treated with pure formalin for five seconds, washed m water and diflerentt- 
ated as in the original process This method has been found particularly valuabfe in 
demonstrating the Negri bodies of rabies. 


ELEMENTARY BODIES 

Demonstration by ordinary Microscopic Methods. The occurrence of these minute 
structures is of importance in the recogmtioii of certain virus diseases ; but the usefulness 
of the ordinary microscope for this purpose has been somewhat overlooked The limit 
of visibility attainable with white light is stated to be 0 074 ^ and «ith green hoht 
0 0073 (i (Coles) . The macula is more sensitive to green light and the additional contrast 
which IS imparted enables smaller objects to be more easily detected It must be home 


investigator as well as his visual acuity and the optical equipment. 

Optical equipment It is important both to have suitable equipment and to make 
correct use of it As regards the microscope and its accessones, the following points are 
important. The stand must be of good quality «ith a sensitive fine adjustment, free 
from ' back lash ' ; there should be a smooth-working mechanical stage which will enable 
the object to be kept in view under the 3 mm. objective while the preparation is being 
traversed An achromatic substage condenser is required, preferably one suitable for 
use with oil-immersion , the mounting should have rack and pinion focusing and also 


lamo should befitted with a condenser and an ms diapftragm lor udia-giouau 

.tags 


on slides IT rr 
surfaces under 


surfaces under 

slide into close apposition. The preparation should be vieweu nisc -“V’* 

♦»ia irtw.nnwer drv obiective to ascertain the types of cells ^es^t.^a ^ 


scrutinised, first with the X 10 anii then the X 15 ocular . uio line ..j... 
continuously used and the heght of the thtetageraridenser varied si, 

accurately the fight ujurr, ,ndiv._doj,l paitete__Theiapto„^^ 


.... in every bent-’. 

nd morphology 
mined by dark- 
to tins luu c -s removed from 


seen lu 


.«nns of aniiu><n 
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(which krtp In the ilnrk for a /cw*da\0 followt-O li% riniini; with distillitl v^.iter 
(HaRcmann). 

_ I-^^i’l^nt.if^'IxxlieiareuMiallymnstabnndantinrarK Imons rg m the jioi k diM-asts, 
in prayings from {'.ipulc^, nr in the contents of «nicle^ lieforc they ha' <• iR-yiin tn -how 
turhiJity. Craigir olijainol them m tbinl d-i> Imona of \.iicinin in rnhhils in lightly 
cleansing the skin lesi<mi"ith tint lUrnl water, then placing a drop on tht art a and thrnugh 
thn gently scraping the Wnm \nth n scalpel The fluid was used to niaht thin films t.n 
slides 

Slilnlog Methods. Cifttifa't so/nfion (p “S9l diluted 1 in 10 w iih distilled watt r and 
applied for twelve to twenty-four hours to films fixed with mcfhvl alcohol has been 
eniplo)ed The elemcntar)* brahes of vaccinia, psittacosis hcrjxs ttc niav 
all i>e stained in this w.ay. The princiiKil disadvantages of the methotl. Iiowcvi r are its 
Slowness and the tendency for the st.am to form deposits i urther, dilferrnt s rniplcs of 
the stain vary considcrabiy in their staining aflimlics 

. Pif^chen s SuiH. I 6r speetl and reliability this methotl is unriv atled I ilms from 
inlecti-d material are made on slides . allowed todrv ; pbeed in distilled water for three 
minutes; drinl in nir ; fixed in .tbsohitc alcohol for five minutts , dritdinair ircatetl 
with r,afilcr'8 llageUa mordant (tannic acid. St) ptr cent aqueous solution. 100 cc , 
fmous sulph.He, saturated solution, 5t>c c , s.iturated nityhohe solution of basic fuehsin 
fOc c ) which shouhl lie gently heated for one minute and allow eil to act for ten minutes . 
''ashed well in distilled water and stained for ten minutes with c.vrhol-futhsin solution 
diluted 1 in 20 (w ith the applicatifin of heat for one minute) Excess of fuchsin mav he 
renio'fd b\ treatment ''ith water slightly acidulated The preparation should therealti r 
be rapidly washed in watir. drieil liy blotting, and mounterl Elementary bodies ha' c a 
deep red colour. 

•l/rMjf tioUl (Guistcm's methoil) The film is dried at room temperature or 37 C 
• * ■ "oHowed by UistiUed water Fix 

• lidein a dry I’l tn dish and filter 
• methyl violet inOistilled water 

* • . at 37’ C for twent) to thirty 

niinutM Ilinse in distilled walvr. dry’ and mount Elementary bodiis are sUined violet 
rirforiA Line (Gutstein's nietho<l> A film prepared and fixed as for meth)l violet 
staining (in/e siif'ra) is laid filni-side downward in a IVlrl dish, being supported by two 
pieces of capillary glass tube A freshly made and filtcrtxl mixture ol equal volumes of 
Victoria blue 4R (C I No 000) 1 grm dissoKcil in ab'olute alcohol 10 e c and distilled 
'valer 00 c c , and of 0 02 per cent .aqueous KOII solution is run under the slide The 
dith IS Covered and left overnight at room temperature, then tlic slide is rinsed with 
distilled water, dried quickly in the air. and mounted Thcelcmentary bodies arc stained 
dark blue 

Caslantda's tnUhoil To 20 c c of phosphate bufler solution of pll “ C containing 
0 2 per Cent formalin, add 10 drops of I per cent aqueous methylene blue solution and 
Ice. formalin Let this mixture flow over an unfixed film on a slide and st.xm foe two to 
three minutes \tash in running water for thirty seconds . countcrstain for one to two 
seconds with aqueous solution of saframn (0 2 per cent safranin O, 1 part, plus 0 I pei 
cent acetic acid 3 parts, has been recommended), w.xsh in running water arid dry 
Elementary bodies arc stained deep blue. Iilcwisc the Kickcttsix of typhus, other 
structures arc stained pmk by the saframn 

Suspensions for Agglutination, etc. Suspensions of elementary bodies of vaccinia aud 
fowlpox may be obtained practically free from accompanying tissue products as follows 
(Ledingham) Early lesions are thoroughly triturated m a mortar with distilled water, 
and the resulting suspension along with at least an equal volume of ether is shaken 
frequently over twenty-four hours and then centrifuged at 0.000 r p m The supernatant 
ether and a middle layer are removed and then the remaining fluid with any deposit 
resuspended in it. is centrifuged again for at least one hour The resulting sediment is 
suspended in saline containing 0 2!i per cent formalin and subjected to fractional centri- 
fugation until a suspension of pure elementary bodies is obtained, as judged by micro- 
scopic examination of stained films In Craigie's procedure the affected skin from rabbits 
three days after light vaccination on the back and sides with diluted lapme, is pinned 
on a board, lightly cleansed with distilled water »nd scraped with a scalpel into two 
successive 10 c c arnounts of distilled wafer buffered at pH 7 0 with M/250 citric acid 
and disodium hydrogen phosphate The suspension is centrifuged for five minutes at 
1,500 r p m . the supernatant removed and the deposit resuspended in 10 c c of the same 
buffered w ater and again centrifuged , then the two supernatants are pooled This crude 
suspension is spun in an angle centnfuge for an hour at 3,500 r p m in flat tubes of 4 to 5 
mm. internal width, the supernatants rejected and the tubes inverted on filter-paper to 
drain , after this the deposits are resuspended in the original volume ol buffered water, 

52 
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the centrifuging, etc , repeated and the deposit finalJy dispersed thoroughly in theon-mal 
snspenston « spnn m an ordinary cefJuge to Sve 
^oss particles For serological tests 0 :,5 par cent formalin is added Amies obtained 
the elementary bodies of vane ” • • • . . ^ , 

which must be clear, and mi? 
prevent coagulation (e g the * 

1,600 to 2,000 r p m for ten ry 

tubes of 5 mm diameter for thirty minutes at lO.Ott) to 12.000 r.p m . the supernatant 
rejected and the sediment resuspended in formol-sahne as above ; before use this is 
centrifuged for a short time to remove any debus 

CULTIVATION 

Cultivation In the Developing Egg. The methods used by different workers vary in 
detail The following procedures are recommended by Beveridge and Burnet. The eggs 
should be from one breed of hens and of standard size — not less than 53 grms 'veight. 

’ ** ' * ‘ -gs making evafflination 

eferably the eggs should 
Z. Prehmmaiyincuba- 

• ' - I as r /{pnend- 

:fore 

lear- 

ances at dififerent ages A 100-watt lamp housed in a small wooden bo.^ wiia an egg- 
shaped opening in the side, is used— during the examination all stray light is excluded 
The embryo must be alive , this is shown by its spontaoeous movements (which are most 
marked when the egg is newly out of the incubator and warm) and the well-defined 
shadow of blood vessels The position of the air space is noted (usually at the blunt end 
of the egg), and its extent marked by a pencil The orientation of the embryo is deter- 

• • " ' •• v -v --i..»..«-.-iosetetheair8pace, 

• convergence of two 
regards everything 

fikefy to come m contact with the egg' i he egg is soppuueu at tmee points on a stand 
the basis of which is an isosceles triangle with sides 4 in long and the base 2 in 
with similar openings are used for holding inoculated eggs at 35° C in the incubator, 
which IS of the ordinary bactenoiogicaf type 

For drilling the shells a dental engine is used or a band dnil , vulcanite carbornisaum 
disks (e i Vulcarbo No 8) are satisfactory, but for simple inoculation a round steel but 
IS convenient The cmhryanic membranes must not bo damaged, hence visible biee i f 
ought not to occur — any hamorrhage tends to cause non-specific lesions. ^ 
cutting-edge needle mounted in a handle is used for removing the shell over the 
area, puncturing the shelf membrane, etc ,„mi- 

ChoTto~ttllan‘-- ■ • — SS'W.n it is desired to produce focal lesions. 


rui>v'.“ ■- 
es from the 


es from the 

applied to the groove over the air space, ■niitis-ui.vM* v. inembrane is 

shell membrane and the drop of saline is drawn m ""n. /or inocuUtioD 

„mv extended and a pie..! is tedected or cut an ay to n. “ “ Krt.clly, ne.llif 

OOecc of the inoculum u deposited null a capillary pt byaslisM'? 

■ - 

*“*dTo?fc™«(iteuif«»dnnichcausramiu.ii^^ujMUedajag^h««J^ 
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po^ibtc, and at latest within an hour Sterile melted parafTm wax is painted round the 
aperture (the shell membrane must not be touched)^ then a minute drop of liquid paraffin 
IS applied to this membrane, so as to render it transparent and non-wettable , 0 Oo c c 
of inoculum is deposited on the exposed shell membrane and a puncture is made throutjh 
the drop by means of a glass needle with a fused sphere J mm in diameter at the tip. the 
point being moved down and at the same time dragged towards the operator The 
inoculum is draw n m and distributed q\ cr the chorio-allantois by making suction at the 
opening into the air sac 

Examination The egg is placed on a pad of cotton wool moist with antiseptic solu- 
tion, whith IS mouldeil lor the purpose, and placed tn an open Petn dish Sealing 
material is rcmoied and the shell rapidly flamed The shell is broken off to the level of 
the fallen chorio-allantois. which is then pulled away slightly with forceps and cut oS 
with scissors beyond the limits of the artificial air space Thus the whole inoculated area 
IS removed For counting foci, the membrane is washed with 10 per Cent fnrmol-salinc, 
spread on a glass pUtc. and cxaminetl against a dark background ivith a hand lens or 
plate-counting microscope II the aims is required as an inoculum or vaccine, formalin 
should be omitted For histological examination the membrane should be pinned out 
on a board and fixed 

Material to be used for inoculating animals or further eggs is rubbed up in a small 
amount of broth in a stout test-tube with a glass rod An estimate of the amount of 
V irus present may be made when it is of a species which produces lesions m the chorio- 
allantoic membrane The affected membrane is well ground in a mortar with fine quartz 
sand, then broth is added and the mixture is centrifuged at low speed to remove sand and 
tissue particles Serial dilutions of the supernatant fluid are used to inoculate eggs a 
fixed V olume being cmploj e<l Wlicre discrete plaques are produced the number of these 
IS counted, the result thus gi\ ing an indication of the number of elementary bodies or 
clusters of these present in the inoculum It was estimated by Pumet and Bull in the 
case of a strain of influenra virus that at least five virus particles were required on an 
average to produce one focus, since the intravenous route was five to ten times more 
sensitive than the chono-allantoic 

Allantoic vioeiilation Fggs which have l>ecn incubated ten to eleven days are 
marked at a point where the chono-allantois is well formed, but free from large blood 
vessels AgrooveSmni by I mm is drilled through the shell without damage to the shell 
membrane The egg is placed on a stand with the groove up .Melted paraffin wax js 


incubation lor testing for hxmagglutmin. by opemng the inoculation aperture with the 
heated point of forceps and introducing a capillary pipette "ith a short conical end. 

Ainniolic tnoetilalion is of special value for influenza viruses In general II- to 13 day 
embryos are the most suitable On candling the egg an arrow is pencilled on the shell 
close to the air space where the shadow of the freely movable allantoic v ein is seen 
(or. failing this, at the point of convergence of two large veins) Then the egg being 
held with the blunt end (air space) towards the operator, a mark is made half an inch 
clockwise from the arrow point and on the largest diameter of the egg At this site an 


Then the chono-allantoic membrane is made to recede (‘ dropped ) as descrioed auoie. 
except that a drop of saline is not required Thereafter all of the shell within the oval 
is removed and all exposed shell membrane ent away The embryo usually lies directly 
below the opemng A piece of chono-allantois free from large blood vessels is grasped 
with fine curve-pointed forceps and a cut made 0 6 cm long without damaging the 
amnion underneath The latter is grasped taut and pierced by a fine-pointed Pasteur 
pipette fitted with a rubber teat and witii its end bevelled on a carborundum stone 
(the pipette has been filled beforehand with 0 05 to 0 25 c c of the inoculum and then 
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f A ^rawn upj. On pressing the teat of the pipette the bubble of air 

IS first ejected and its position shows if tte amiuotjc sac has been entered ; if so. the 


This jwfmits removal of the cover-gfass for daily examinations, the expenmeat usuailv 
being twminatcd after 3 to 5 days' forther incubation. The shell is now^roken off dow 

scissors and the allantoic 

jlujd drained ofj The amnion is then grasped with forceps, a small incision made in it 
with scissors and the fluid drawn into a Pasteur pipette. (Normally the i-olume is 
0-5 to c c. and up to the 13th to I6th day it is clear and watery; in influenza virus 
infection there may be almost none). The embryo is then removed to a Petri dish The 
lungs provide a rich source of virus 

To/A-sac I'liocnh ^ . 

broad dnl!-cut ah' 
being left intact 


of -0 or 21 I.S \^ .G inserted for about 3 cm in the long a.xisof the egg, t e. to just beyond 
its centre, and 0 23 to 1 c c injected. Thcholemaybccloscdwithparaffinuax Tbeegg 
IS candled twice daily and as soon as the embryo is dead the yolk is removed This is 
done by placing the egg vertically blunt end up, and breaking away the shell over the air 


minutes and placed in a sterile tube. 

^^^le^e tlie yolk fluid is a satisfactory source of virus, e i. in psittacosis on the third 
day of incubation, it is suflicient to place tho egg air space up and insert a hypodermic 
needle attached to a syringe for about thrcc«quarters of an inch ; thus 1 c e, or more of 
fluid may begot. 

For details of other methods of inoculating eggs the original descnptloas of Beveridge 
and Burnet should be consultc'd 

Cultivation in vitro in Minced Chick Embryo. According to Li and Rivers, embryos 
nine to twelve days old arc removed from carefully sterilised egg shells with aseptic 
precautions, the eyes being discarded, and then finely minced in a sterile glaw rceep^le 
with sharp scissors ; See of Tyrode's solution arc added to I grm of the mince (or less 
as excess of tissue may hinder proliferation of virus) and placed m a 50 c c. Erlenmeyer 

• ... , . I virus suspension, say 0 cc. 

to prevent evaporation, t g 
. four or five da>s ^ 


freshly distilled water in perfectly clean glass vesscis suvu.d be used for tfte piep 

of Tyrode's solution . The 

CultiiaHon *>i iht presence of sunnwg tissue ftils the rabbit 

cultivation of vaccinia virus in a medium containing the fresh ki ey 

or ben is described on p i>G2 , , . cells have 

C«/bt«/iou »M tissue cuUures. Growths of epithclia. pniployed are too 

proved to be .susceptibfe to mfeetjon by certain viroscs T , tie ongwal 

complicated for detailed description here the j j wj^^Bfuss , 

literature on this subject (Bland and Canti , Rivers. » 
and van Kooyenj 


PRESERVATION 

Many viruses remain alive for long pmods ®**^”*^ '^Certain viruses 
abiy on • dr>- me ■ (solid carbon dioxide) at -76 G ” per cent g 

animal tissues, etc . can 

made up m physiological saline, orese^ation of complement ([J 

tive method is rapid desiccation as temperatares Tbeti«ue^« 

proce'^s, I'ltfe p 770) and mainten^ce t desiccation 

be finely divided by mmemg with scissors before desicc 
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HflSMACGLUTINtN OF INFLUENZA VIHUS 

Tthation (Salk’s methotl) 10 cc. of fowl’s blood (p 60S) are mixed with 2 cc 
5 per cent, sodium citrate solution and centrifuged The sediment is washed three 
times with G to 10 volumes of silme A 10 per cent stock suspension of the packed sedi- 
ment IS made, which keeps for a week at 4* C * , this is diluted just before use to yield 
a 0 2G per cent, suspension (to ensure a standard suspension its hx-moglobin content 
should bo estimated by a colonmeter). A senes of 0*3 c c amounts of doubling dilutions 
of purified virus (enftf ni/ra) ranging from I in 10 to I in 6,1 20, are measured into 7 5 by 1 0 
cm (internal diameter) test-tubes with rounded bases (a fresh pipette is used for each 
dilution), and to each 0 5 c.c of blood suspension is added ; a control tube contains red 
cells and saline without virus The tubes are well shaken, set aside at room tempera- 
ture and the results read alter IJ to2 hours, by slewing the tubes from beneath, either 
directly or by setting them on a glass table and adjusting a mirror underneath Un- 
agfilutinated red cells, as in the control, settle to form a small compact red disk ; full 
agRlutin.ation is shown by a saimon-pink fifm uniformly cosenng the rounded base 
of the ' ‘ ..... , , 

by ah: • ■ 

tion ’ 
agcluti 

raised when the red cells are diminished temperature also has an affect . at 2® C 
agglutination occurs more slowly but to a higher titrc than at room temperature, 
while at 35® C the > irus dissociates from the rwf cells) \V7ien kept sterile at 4® C the 
\nrus in the allantoic flui<l remains unchanged for several months 

/liihugflidtiKii o/ srriim I or titration of antibodies which neutralise the agglutinat- 
ing action of the virus, it is best to use the latter partially purified as follows V'lrus 
containing allantoic fluid is secured by inocuLsting infective fluid into the allantoic 
sac of fertile hens eggs winch have been incubated for cloven or twelve dajs , after 
forty-eight hours' further incubation, the shell over the natural air space is removed and 
both the chono-nibntoic membrane and the amnion along with their blood vessels are 
tom Admixture of the cavity fluids with the embryo's blood is secured by rotating the 
egg, the mixture is then removed with a syringe to a container, several eggs being 
treated thus to secure sufficient material The container is immersed in water at 
4* to 0’ C The red cells, w hich agglutinate rapidly, are centrifuged out, care being taken 
to avoid rise of temperature , the supernatant is discarded and the sediment gentlv 
nnsed with saline at 4* C Then one tenth of t/ie onginai volume of saiine is added 
and the temperature brought to 37* C with gentle shaking, the mixture then being 
incubated for 2 ) hours The agglutinated cells disperse as the virus dissociates Pinally, 
tlie mixture is centrifuged , the supemaUnt. which u slightly opalescent and piaUsh, 

■ • ■ id mfectivity remain un- 

' estimated by setting up 

mtn tne reu veil suajivusiou i>vw u 4 uvuu.t..), u<.u..v..4, starting respectively at 

1 in 20 and 1 in 30. the two results being averaged Just before testing the sera the 
virus IS diluted to half titre (other workers prefer 2 or 4 times as much virus) Each 
serum is diluted 1 in 8 (0 2 cc serum— previously heated at 56° C for 30 minutes — 


. j j . . 1 I .. lA 49 4 .« /Ifl »nh.»sl ’j o eic/l tUEje 

With, in 
ion. and 


‘ Preservation of red blood corpuscles by Alsever s method is satisfactory To 
washed red cells add an equal volume of the following solution 2 05 grms dextrose. 
0 8 grm sodium citrate, 0 42 grm sodium chloride, 0 055 grm citric acid, water to 
100 c c (sterilised in the autoclave, final pH«=6 1) Guinea-pig corpuscles kept in 
this solution show no lysis after 3 weeks or longer The blood is washed thnee with 
saline before use The reagent may be added to red corpuscles in serum or plasma 
(see %Vhitman. J. Immunol , 1947, 66, 167)- 
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m lube (2} 0-5 c.c. 1 in 8 dilution of normal serom— as a standard for comparison with 
the appearance in the tubes containing the highest amounts of the sera under test 
and (3) 0-5 c.c. saline as a stmdanl for comparison with the tubes containing the higher 
dilutions of scrum. The tubes are all well shaken an/I set aside at room tempeiatute 
for J J to 2 hours when results arc read (vide supra) The highest dilution of a serum 
which completely prevents agglatioation, is taken as its titre. The titre of normal 
serum is stated to be usually below 128, while that 
250 to 2,018 ; but these figures are only approxim ■ 
strain of virus, the particular red cells used. etc. I 

tunc a specimen of serum taken at the commencement of illness fsvbich has been kept 
(roicn) and one in convalescence from the same patient ; a four-fold rise in titre of the 
latter may t>e accepted as significant of recent influenzal infection. 



VII 


BACTERIOPHAGE 

Recovery from Ffccej, Sewage, etc. PhaRcv for xanouv micro-orRanismsarc fmjuent 


for 12 to -4 lioiir^, then passc<l through a bacterial filter (a BerUefeld or porcchm filter 
js preferable to a Seitz as the latter may absorb a weak phage) To test the 

filtrate for phage action, stroke a loopfiil of each of a senes of young broth cultures of 
likely organisms on an agar plate so as to secure broad bands of confluent growth . 
when the inocula haxe dried appi) to each stroke a loopfiil of the filtrate, so as to form 
a drop, then incubate ox cmight The appearance of an area of clearing .it the site of 
the drop indicates the presence of phage actixe against the particular organism UTicn 
It IS desired to obtain phage for a gixcn organism, it is adxisible to add a few drops of 
this culture to the mixture of broth xxnh sewage etc and then to proceed as described 
above. In this xxay enrichment of the required phage is favoured In order to recover 


to cont.sin phage, it should afso be platcil and incubateil The presence of phage is 
suggested bv the appearance of areas of ctcanng fpla<7ue$ or ' nibbled ‘ colonies), but 
careful examination may be needed not to miss these To confirm this prepare >oung 
broth cultures from <i con«iderable number of nibbled colonies of the organism 
fnrubate and filter, then test the filtrate lor phage (w</r sitfiral 

\\ hen a phage has been demonstrated, the aetiv ity of the preparation can usually 


culture IS also made to delect pla<)ues The activity of the phage preparation is 
estimated quantitatively by the methods described on p C04 A powerful sterile phage 
filtrate frequently retains its activity for periods of months or vears if kept frozen or 
even at -I' C 

Isolation of Pure Strains of Phage. lVocce<l as described on p G04 

It should be emphasised that in working with bacteriophages there is a great nsfc 
of accidental contamination with extraneous phages Strict precautions are required 

; • ; ■ . In the case of D typhosus 

• V 1 phage II (strain 0) — of 

with a strain of typhoid 
. so that in suitable con- 
centrations It lysed actively the corresponding strain, but produced little or no lysis of 


' — led, some being 
le above phage 
Jerences, which 
' have identified, 
IS — types A. B 
, D.. Dj, D,). 
J K, L (corn- 
type IS highly 
es may be very 
' ■ D, IS active!) 
;e) Type A is 
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°! probably represents a rare vanant of other 

types (\vhich may develop cither tn vtvo or tn itin>) ; certain others. B and C especiafly 
show a considerable degree of cross-sensitiveness The number and sue cliques 
produced nith the homologous or heterologous phages varj' according to the^ tjw • 
thus «jth N, O, and T strains and the corresponding phages respectively small plages 
are commonly produced. t 

The epidemiological value of typing lies in the information afforded as to the 
relations between cases, cither sporadic or in an outbreak, and the earner suspected to 
be the source of infection—' a earner may be absolved from rcsponsibilitv for a pu-t 


duie medium. iJorsefs egg medium is recommended (this is prepared as described on 
p 748. but with distilled water instead of digest broth, and without addition of any 
dye) ; cultures are incubated at 37* to 38® C overnight and kept cool (preferably at 
4* C ) in the dark ; stock cultures should be transferred as seldom as possible. Make 
a subculture on Dorset's medium, and after incubation oveniight plate it on agar 
(tii/e so as to get separate colonics. After incubation overnight pick about 

a dozen of the most opaque, smooth colonies and with a mixture of these inoculate a 
further tube of Dorset’s medium As soon as this shows RTOvvth at 37® to 38’ C. store 
It at 4° C in the dark. The agar medium has the following composition—' Bacto ' 
nutrient broth (dclijdrated) of Difco r.,aboratones 20 grtns., NaCl 7-S grins, 'Bacto' 
agar SOgftns anddistilled'water 1,000 cc. The final pH should be about 6 Sand most 
not be adjusted with alkali (tryptic digest agar may be used instead under certain 
controlled conditions). Each new batch of metlium should be compared with the 
previous batch to ensure that N, O. and T strains when tested with all the phages 
yield the characteristic small plaques with the corresponding phages and show the 
typical beliav’iour with the rest. (2) Stenic concentrated fluid phages retain their 
activity unchanged for jcars at 4* C and dilutions keep at least lor several months 
Since tlie preparation of specific phages is attended by the danger of accidental contam- 
ination by other t>’pes, it is advisable to use controlled products These and also type 
cultures may be obtained from the Central Entenc Reference Laboratorj'. Public Health 
Laboratorv Service, Colmdale Avenue. London. H W.O 

Pfep.aratoiy to testing, make a subculture of the organism i**. * 

tfVTsm-disost broth flus 1 per cent peptone) ; alter 2 to 3 hours of 3S C uve it to 
inoculate richly the surface of a fairly thick layer of agar (25 


rea^ions) Readings are mide after 8 and 24 hours' incubation, agai^t a dark 
ground witli oblique lighting, first of all vvith the naked ej-e and 
negative results, at a magnification of x7 to 10 . o h-ned on 

Certain other Salmonella organisms rg B B. may be tj-peU 

similar principles (Felix and Callow) 
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Baj 0^20.5 as chemotherapeutic agent. 
700 

Bayer*7fl02. as chemotherapeutic agent. 
706 

Becker’s melhwl (modified) for suining 
4.piroch®tes. 780 
Bcggiatoa, 41 
' Beltring senulc 800 
Bejel, 400 
Berkcfeld filter. 76g 

Bilv'salt lactose agar, MacConkey's. 740 
Birds, domestic, virus diseases of. 602 
BiSiuarck-brossn, *77 
Bismuth sulphite agar medium, 75) 
Black-quarter, 443 
Black tongue. 630 
BJackssater fescr, 052 
Blastocystis hominis, 007 
Blastomyces branhcnsis, 035 
dcrinatitidis, 034 

Blastomycctcs, diseases due to, 631. 
Blastomycosis, 030, 032 
cutaneous, 034 
liwropean, 632 
North American, 034 
South American. B35 
systemic, 034 
Blastospores. 014 
Blepharitis. 146 
Blepharoplast, 072 
Blood agar, 747 
cultures. 807, 808 
estimation of penicillin in, 812 
films, examination of. 776 
for malaria diagnosis. G56 
transmission from tropical climate, 
770 
groups. 97 
media. 7i0 

methods of obtaining. 607 


Ofood agar, protective substances in 89 
s,impfcs from rabbits, 807. 
whole, estimation of bactericidal action 
D2. 

Blood-tellurite culture medium, 752. 

Blue comb of fowls, 602. 
ff-Iystn, 123 

Boas-Oppicr bacillus, 726. 

Body fluids, films of, staining of. 777, 
measurement and dilution of small 
quantities of, 7D2 

Boeckand Drbohiav's medium, BC3 
Boded blood medium, 747. 

Boils, 145. 

Boflphilos bov'is, 0r>8 
Bordet and Gengou. bacillus of. 3tf5 
medium, 747. 
reaction of. 94, 79Q. 

Borna disease. 653. 
lione/ia. 40, 45. 492. 
balanitidis. 500. 
berlieri, 497. 
carteri, 4 07 
crocidur,-e, 497. 
duMont. 39, 493, 496, 497. 498 
hispamca. 499 
obermeieri, 492, 
persica. 499 
phagfdcnls, 500. 
recurrentls, 492 
refringens, 408. 490 
' ' vincenti. 39, 468, 490. 491. 499 
' BostrOm's acljnemyces. 461. 

' BotryomycosJS “■ 145 
Botulism and bacillus of, 423 
antitoxin, 431 

bactenological investigation of. 431. 
in animals, 431 
Bouillon. 736 
Bovine abortion. 382, 385 
mastitis. 145. loS, 185 
tuberculosis. 257. 

Boyd India types of dysentery’ baciil*. J5J. 
354 

Brain abscess m aroccbic dysentery. 6 Cj 
B raxy, 442 

Bratdum spotted fever, 520 
Brilliant green as antiseptic, 33 
ennehment method, 750 
Bnll's disease, 516 
Bromcresol purple, 755 


>nch«tis. 104 
deetions. of fov,Is. 002 
,neho-i»onili»'iS, C3J 

ncho-pneunonia, 164. is/. Jv. 

th. 737 

nnian movement, 1- 
cella, 43 

x>rtus, 206. 382, 7-8 
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Brucella, gJoup. selective action of dy« 
383 

serological characters^ 38t 
toxin of, 385, 

melitensis, 38, 379. 385. 7:18 
suis. 382, 385 
Bu\>o, <:\HT\atic. R85 
Bubonic plaRue, 3C7 
BuQtrt, 742 

Calmette's IICG vaccine, 300 

tuberculin ophthalmo-reaction. 285 
Candida albicans, 630 
Capillary pipette method of rnaVini* 
dilutions. 793 
Capsule formation. 80 
Capsulc-swellmc reaction, 19t 
Capsules, tnthonj's method for staining. 
783 

Hiss's method for staining. 784 
J Kirkpatrick's method for staining, 
7H» 

Rd Muir s method for staining, 784 
relief staining for, 784 
Carbohydrates in bacteria, 1 1 
Carbol fuchsin, dilute, 770 
ZicM-Keelsen. 770 
Caibol'gentian-Molet, 780 
Carbof thionm, 778 
Carbolic acid as antiseptic, 33 
Carbon dioxide requirements in bacteria, 
20 

Carbuncles, 145 
Carriers, 40 

of amrvbic d) scntef>. 60.'> 
cholera, 406 
diphtheria, 229 
meningococcus 2U0 
typhoid 331, 342 
Carrion » disease, 625 
Carrot as culture medium, 740 
Casein digest broth, 738 
C^istaneda's staining method fifT 
Casteltani s reaction, 106 
Catarrhal inflammations, 104 
Cations, relation to ccimplcment action. 90 
Cattle plague, 631 
Cell inclusions, 528 
Cellulitis, anaerobic, 434 
Centrifuges. 770 

Ceratophyllus fasciatus, 370, 680 
Cerebto spinal feser, 197 
fluid, examination of, 809 

pemcilUn in, estimation of, 812 
Wassermano test of. 798 
meningitis. 197 
Chagas’ disease. 683 
ChamberJand filter, 768 
Chancroid 393 
CharboQ (s»e Anthrax). 283 
symptomatique, 443 
Chemical composition of bacteria. 10 
Chemotaxis, 12 
Chemotherapeutic agents. 698 
acquired resistance to, 701 
host-drug parasite interaction, 700 
methods of testing, 600 


685 

Chemotherapeutic agetits. mode of action, 
70i 

serological reactions to, 702 
toxicity, estimation of, 699 
mtcrfercncc. 703 
potcntatioQ, 703 

Chemotherapy in relation to particula 
tnfectise agents, 706 

Chick and Martin's method for antiseptics, 
32 

Chick-embryo cultivation of viruses, 8f0 
Chicken-pox, 569 
ChilomastiK mesnili, 670 
ChUmydobacteria, 40, 42 
ChUmydospotes. 612 
I Oilamyiloroa, 531 
Chloramme-T as antiseptic, 32 
Chlonne as antiseptic, 32 
Chloroform as antiseptic, 34 
Chocolate agar, 747 
Cholecystitis. 164. 316 
Cholera 402 

bacteriophage. 413 
carriers, 406 

I methods of diagnosis, 4 1 3 
I vaccination against, 410 
i vibtio, 402 
1 agglutination of. 400 

I antigenic structure, 412 

1 characters of. 402 

I cultivation of, 403 

( distribution of, 406 

experimental inoculation with, 407 
experiments on human subject, 408 
I ha^molytlc test. 405 

I Heiberg's criteria, 411 

I immunity to (09 

j isolation from water 722 

midiafor 752 
modes of infectiori with, 40C 
organisms related to, 410, 414 
pathogenic effects, 406 
I’feiflFer's reaction 400 
powers of resistance of, 406 
toxins of. 408 
variants, 404 
viability, 406 
vibrios allied to, 410, 414 
Cholera like vibrios. 410. 414 
Cholera red reaction 405 
Chorio-aUantoic inoculation for virus 
cuItivatKjii, 817 

Cborio-meningitis. lymphocytic, 206, .554, 

597 

Cbromatoid bodies, 661 
Cbromidut buds 673 
Chromium sulphuric acid method for 
culture of anaerobes, 766 
Chrontoblastornycosis. 631 
Chryaoidiu, 777 
Crmex lectulanus. Sl2 
rotuudatus. 69l 
Citrate utilisation, 315 
, Cladothnx, 40 
I asteroules. 463 
Oanflcatioti, 770 
, Ctessifioation nf bai tena, 36 
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Climatic bubo, 585 
Clostridium, 45 
®rofetidum, 447 
bifermentans, 447. 
botulinum, 428 
capitovale. 448. 
carnis, 448. 
chauvcci, 443. 
cochiearium, 448. 
difficile, 448. 
fallav, 445. 
genus, 433. 
hiemolyticum, 448 
hasti/orme, 448. 
histolyticum, 446 
multifermentans. 448 
cedematiens, 444. 
paraputnficum, 448 
parasporogenes. 447. 
putrificum, 448. 
septicum, 440 
sphcnoides. 448 
spoiogenes, 446 
tcrtium. 440 
tetani, 41C 

tetanomorphum, 448. 
weJchu (see Bacillus ivelchu), 434 
Clubs of actinomjxes. 457. 
Co-agglutination. 106. 

Coagulase, 65, 142. 

Cocci, 2. 37, 38 
pyogenic, 130 
Coccidioides irnmitis. 628 
Coccidiomycosis, 028 
CoccobaciUus fetidus ozsax of Feres. 309. 
Cold, common, 502 
effect on bacteria, 20 
Coliform bacilli, 311 (See also Bacillus 
coh ) 

biological reactions, table of, 302 
CoJlargol method for spirochastes, 787 
Collodion capsules, 805 
membranes, 528 
Colonies, enumeration of, 762 
rough, 25 
sections of, 777 
smooth, 25 

Comma bacillus (see Cholera vibno), 402 
Commensal, 46 
Common cold, 602 
Complement, 81, 90 
action, nature of, 90 
in anaphylaxis, 132 
components of, 81 
estimation of. 94 
fixation of. 92, 94, 796 
in glanders, 304 
in gonorrhosa, 213 
in syphilis (see \\'assernJanO reaction) 
in tuberculosis, 267 
in virus diseases (see under particular 
disease). 

in whooping-cough, 396. 
gumea-pig, 796 
as opsonin, 100 
Condyloma acuminatum, 673 
Conglutination. 97 


Coqidia, 40, 612 
of actinomyces, 457. 

Conidiophore. 614. 

Conjunctivitis, 188 : 

bacteria of. 393. 
gonorrhoeal, 2li. 213. 
inclusion, 586. 

‘ ship-yard 598. 

Cooked meat medium, 739. 

Corpuscles, sensitised red. 94 
Corynebactenace®, 42, 44 
Corynebactenum, 44, 235 
acnes, 241 
diphthens. 218 
equi, 242. 

I hofmanni, 240. 
ovis, 241. 
pamiinm, 236. 
pyogenes, 242 
renale. 242. 
ulcerans, 236 
xerosis, 24] 

Coryza, infectious, 592 
Covpox. 557, 559 
Crescents in malaria, 641. 

Cresol as antiseptic, 33 

Cnthidlal forms of trypanosomes, 874, 889 

Cryptococci, 615 

Cryptococcosis, 639 

Cryptoceccus hominis, 631. 

neoformans, 632. 

Ciystal Violet, 779 
as antiseptic, 33 
Culex pipiens, 512 
Culture of anaerobic organisms. 763 
medium, agar. 740 
Albson and Ayling‘s modification of 
Douglas’s, 753 
Aronson's, 752 
ascorbic acid, 764 
bde-salt. 749 

bismuth sulphite agar. 751 

blood. 746 

blood-tellunte, T52 

of BoceJe and Drbohlav, 663 

boded blood 747 

Bordet and Cengou's, 747 

bnlliant green ennehment, 750 


broth, 737 
carrot. 749 

casein digest broth, 738. 

CCYagar. 740 
chocolate agar, 747 
for cholera \ibno, 752 
chono-alJantois. for onuses, 817. 
coagulated serum, 746 
for coh-typhoid group, 749 
cooked rneat, 739 , 

for counteracting presence of sul 

phonamidcs and penicdlm- 7^i. 
desoxvxholate-citrate, 751, 75. 
developing egg. for viruses, 8 
pieudonn6. 752 
d^;e5t bases, 737. 

broth agar, 749 
for diphtheria bacil/us, >o. 
distribution of 745 



INDEX 


CnHurc o{ anaerobic organisms, medium, 
agar, for dysentery bacttli. 752 
74S 

Undo’s, 760. 
enrichment. 749 
geUtm, 730 

Gladstone and Fildes' casein and 
yeast digest, 738 
glucose agar, 740 
gelatin, 740 
phosphate peptone, 739 
gljccrol agar, 740 
broth,. 737 
Hartley's broth. 738 
heart digest broth. 737 
Hiss's scrum Mater, 754 
Horgan and Marshall s, 753 
Hoyle’s. 753 

Johnstone and Zmnemantis, 752 
liver infusion agar. 741 
LOfller's blood scrum, 748 
LbMenstein-Jenson. 748 
McUod's, 752 
metallic iron, 703 
mdlc. 740 

Muller's tetrathionate. 751 
peptic blood digest, 747 
peptone Mater, 739 
agar, 740 
potato, 749 

preparation of. 730 ' 

reaction of, 742 

Robertson's cooked meat. 739 

salt agar, 305 ' 

selective 740 

selenite, 751 

semt'solid agar, 740 

serum, 747 

serum-peptone-Mater, 755 ' 

serum-Matcr-starch, 753 | 

silica gel, 741 I 

special, 716 

tetrathionate, 751 

thioglycollic acid, 704 

use of, 757 

Wilson and Blau's, 751 
yeast digest, 738 
Cultures, 757 

aseptic distribution of 769 
bacterial, mounting of, 771 
desiccation of, 767 
filtration of, 7CS 

grov/th in air containing excess of 
carbon dioxide 759 
incubation of, 767 
pfi of. 750 
plate, 759 

separation of organisms in, 769 
from single cells, 762 

Cutaneous reaction for testing sus- 
ceptibility to diphtheria (Schick 
reaction), 330 

for testing susceptibility to scarlatina 
|Dick reaction). 166 
in syphilis (luctin reaction). 496 
in tuberculosis (tuberculin reaction). 
264 
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Cyclogeny. 8 

Cystitis, 165, 316 

Cysts of Cnciohmax nana, 6C8. 

Entamceba coli, 608 
histolytica, COO 
lodamoeba butschlii, 6C9 
Cytasc, 90 
Cytochrome, 18 
Cytotoxic sera, 68 
Crapek's medium. CIO 

Da Fano's minute bodies, 550 
Dandruff. 63'2 
Danysz's bacillus, 343 
effect, 87 

Dark-ground illumination. 774 
Dead cultures, immunity by, 75 
Decolonsiug agents, use of, 778 
Decr-fly fever, 477 
Delhi sore. 693 
Deneke's vibrio, 414 
Dengue, 680 
Dental abscess, 164 
Depression immunity, 7( 

I Dermacentor andersoni, 619 
■ vunabilis, 619 
1 Dermacentfoxenus ncWettsi, 610 
Dermatitis, contagious pustular, of sheep, 
568 

Dermatomycoscs, 619 
immunity and supersensitivity to, 616 
Dermotoxin, 143 
Dermotropic viruses. 532, 557 
Dcsensitisation. 130, 136 
Desoxycholate-citrate culture medium, 
751. 752 

Detergents as antiseptics. 33 
Dettol as antiseptic, 33 
Dhobi Itch, 624 
Dialivter. 44 

pneumosintes, 470 

Diamidine compounds as chemothera- 
peutic agents. 706 

undecane, as chemotherapeutic agent. 
707 

4 4 -Diamidino dimethyl stiJbene as 
chemotherapeutic agent, 706 
Diarrhoea, epidemic, 598 
infantile, organisms of, 359 
Dick reaction, 165, 168 
toxin, 166 

preparation of. lOS 
punffcatiOR of, 108 
skin-test dose, 166 
Oicntamoeba fragitis, 669 
Dieudonn6 medium, 752 
Digests for media, '737 
Dilution methods, 702 
OiphtheCM, 217 
alnm-toxoid, 233 

serological types, 235 
antitoxin, dosage. 234 
therapeutic effects of. 234 
use pf. 230 
bacillus, 217 

serological types, 235 

association with other organisms, 223. 


INDEX 


Diptlicria, bacillus, avinilent, 23G 
hiochemica} reactions, sh. 

to allied organisms. 

biological types, significance of. 227. 

cultivation of, 319, 237. 

distribution of, 222 

effects of inoculation of. 224. 

fermentative properties, 221. 

gravis, 218. 220. 228. 

growth factors, 220 

haimoly.sins of. 221 

inoculation with, 221. 

intermedius, 218, 220 

media for, 752. 

mctachromatic granules 0/ 218 

mitis. 218. 220, 228. 
organisms allied to, 235 
serological types, 2.15. 
stains for, 782 
toxins of, 224 
toxonc of, 225 
types. 220 
virulence tests, 239 
sanations in. 220. 
of calves, 4D7 
earners. 229 
diagnosis, 230 
immunity against, 230 
membrane, 222 
methods of diagnosis, 230 
.tfoloney test for sensitiveness to , 
toxoid, 233 j 

prophyJjLtic immiiniiation against, 232 , 
Schick tost, 2,79 
toxin, 225 el uq 

toxin-tintitoxin immunisation. 232 
toxoid, 232 
alum-prccipitatcd, 233 
immunisation, 232 
toxoid-antitoxin, 233 
llocculcs, 233 

Diphtheroid lutilli, 235. 239 
DiplobaciUus liqucfacicns, 401 
of Mora.x, 400 
Diplococci in throat. 204 
Diplococcub, 37. 43 
catarrhahs, 204, 712 
crassus, 205 

intraccllularis meningitidis, 197 
lanccolatus, 179 
hciuefaciens of Petit, 401. 
mucosus, 205 
pharyngis flavus, 204 
Siccus. 205 
pnoiimonKT, 179 
Disaccharides, 754 
Disinfection, 28 
Dissociation, microbic, 2.5 
Distemper of dogs and cats, 599 
Ponovama granulomatis, 580 
Dorset's egg medium, 748 
Dose, minimum hiemolytic (M H D). 93 
lethal (M L D ), 83 
Dreyer's standard agglutination, 794 
Drop method of making dilutions, 792 
Droplet infection. 715 


Drug-fastness. 700 
Drying f« lacwo, 770. 

bactericidal effects, 29. 

Ducrey's bacillus, 393 
Duodenal ulcer, 175 
Durand's disease, 596 
Durham's tube, 755. 

Dust in relation to infection, 714 
Dyes as antiseptics, 33. 

VysenUry amebic Am«bic 

dysentery), 659. 
bacillary, 352. 
antiserum treatment of, 356 
bacteriological diagnosis of. 360. 
bacteriophage therapy, 356 
immunisation against, 356. 
sources and modes of infection. SW 
vaccination against, 356. 
bacilli, 352 

agglutination of, 353, 36l. 
atypical, 357. 
biological reactions, 353 
Boyd Indm types, 353, 354 
characters of, 352. 
concomitants, 354 
ncxner, 352, 353 
Flcxner-y type, 353 
mcifia for isolation of. 752 
Newcastle tj^pe, 354, 358 
para-Shig.! t>pe, 338 
pathogenic properties of, 355 
relation to disease, 354 
Schmitz tj-pe, 358 
Shiga, 352, 353 
Sonne type. 3.'5' 
toxins of, 355 
types of, 353, 357. 

10 water, "20 

Y type of Hi>s and Russell, 3 >3 
lesions in, 664 
tropical, 659 


EbcrtJielb, 41 
typhosa. 323 
Ectodermoses, 532 
Egg media. 748 
Etiriich phenomenon. 87, 88 
Ehrlich's antitoxin standard. 83 
rosmdole reaction, 756 
side-chairt theory. 116 
theory of toxic action, 69 
Eijkmjns test. 313 
El Tor vibno. 410, 412 
Electron microscope 3 
Elementary bodies. 52S. 531 
demonstration of, 815 
staining of. 813 
Embadomonas mtcstinahs, 

Embedding in paraffin, 776 
Emetine as chemotherapeutic agent, 
Encephahtis. 548 
in aniinais. 552, 553 
Australian ‘ X 552 

SJmmStai tonsmBsJM cl, 650 

Japanese, 551 
lethargica. 549 
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Kncephalitis, post-\accinia!, .'mI 
Russian spring-summer. 5'52 
St Louis, 551. 
spontaneous of rabbits. 513 
virus ' n 554 
West Nile, 552 

Cnccphahtozobn cunicuh. 553 
rabici, 538 

Lncephalomjelitii, acute disseminated. 
654 

o( mice, 510 

Endocarditis, acute bacterial, Ul. 104, 
173. 187 
rheumatic, 172 
bacteria m. 172 
experimental. 175. 
gonorrhfcal, 213 

malignant. 173 {Ste aho acute 
bacterial ' and ' ulcerative endo- 
carditis ) 

subacute bacten.al, 1 C 1 
ulcerative. 145. 104, 173, 1«7 
Lndolimax nana, cysts of. CG8 
r.ndo's medium 750 
Endospores, 0 
Endotoxins, 04. 67 
of cholera vibrio. 409 
Entamceba buccatis, 639, 6G9 
coll, 659. G08 
characters of, GG3 
cysts of, GC8 

experimental infection with. CGs 
(lispar, 603 
gingivalis, 659, 6G9 
histolytica. 619 

characters of. GOO | 

cultivation of, 663 
cjsts of, GGO 
distribution of, 634 
experimental inoculation with, 635 
pathological effects. 664 
mmuta, 689 
nana, G68 
tetragena, 659 

Entenc fever, 327 {see also Typhoid) 
organisms described in, 328 
Ententis, feline, infectious, 599 
of infants, 359 
Salmonella, 342 ct seq 
staphylococcal. 145 
streptococcal, 164 
Enterobactenaceae, 42, 44 
Enterococcus, 157, 159 
Enteromonas hominis, 671 
Enterotoxin, 144 
Enumeration of colonies, 762 
Enzymes, 65 
bacterial, 11, 21 

Epidemic cerebro spinal meningitis, 197 
encephalitis, 648 

experimental transmission of, 650 
and herpes, question of relationship. 
572 

poliomyelitis, 542 
cell inclusions, 54() 
diagnosis of, 548 
experimental transmission. 543 
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Epidemic cerebro-spinal meningitis, polio- 
myelitis. immunity, 54C 
methods of investigation, 548 
mode of infection. 545 
pathology of. 644 
virus of, 206, 544 
Epidemiology, experimental. 125 
Epidermophyton, 624 
cnins. 625 
floccosum, 623 
inguinale, 623 
Epididymitis, 212 
Epizootic abortion, 379 
Eppmgera streptothnx. 403 
Crgophore group. 69 
Ervsipela.s, 109 
Erysipeloid, 473 
l.rysipelothnx 44. 473 
muriseptica, 474 
rhusiopathix. 473 

Erythema arthnticum epidemicum, 470 
Erythrosin-orange-toluidine blue. 779 
Escherichia, 44 312 
coll, 318 
commonior, 318 
Ireundii, 319 
Esthiom^e, 585 
Eubactena, 2 
Cubactenaies, 41, 42 
Eumycctes, 614 
Eusol as antiseptic 32 
Exaltation of v irulcnce 75 
Exanthem, vesicular, 569 
I Exotoxins. 03, 66, 217, 408 
' effect of chemotherapeutic action on 
705 

faxes examination of, 809 

m diagnosis of enteric fe\ er. 340 
farcin du bceuf 464 
farcy 299 
Favus 625 
scutulum, 625 

female genital tract normal bacterial 
flora, 713 

fermentation bacterial 734 
of sugars, 754 
tests, tubes for. 755 
ferments, 68 
bacterial, 21 
fever, 62 

1 ibruiolysin. 65, 144, 153 
Fibromatosis, infectious, of rabbits, 601 
Field s method for examination of malaria 
parasite 657 
Fifivre boutoRReuse, 520 
nautique, 518 
film preparations, 775 
Staining of, 777 

Fiiterability, factors determining, 527 
of organisms, 527 

Filterable virus diseases, of animals, .131 
immunity to, 532 
of man. 531 
viruses. 1, 527 
analogies with bacteria, 529 
cultivation of, 817 
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Filterable viruses, cultivation in develop- 
ing egg, 817 

m minced chick embryo, 819. 

AVith surviving tissue celJ^ 819. 
demonstration of, 814. 
dermotropic, 632 
immunity reactions, 532 
methods of filtration, 814 
neurotropic. 532 
pantropic, 632 
preservation of, 819 
resistance to chemical agents, 629 
physical agents, 629 
sizes estimated by centrifuging, 528 
estimated by filtration, 628, 
in tissue cultures. 819 
T’jscerotropic, 532 
Filters, bacterial, 768 

Filtration of cultures. 768 | 

sterilisation by, 736 i 

through graded collodion membranes i 
528 


I Frei reaction, 685 
Fnedlander's pneumobacillus, 321. 
Fuchsin, basic, 777 
Fungi, 612. 

' biology of, 614 
I chlamydospore, 612, 

' classification, 614 

diseases produced by, 619 
, immunity and .supersensitiveness to 
626 

Imperfecti, 614 

methods of examination of, 620 
pathogenic, 612 
cultivation of, 620 
methods of examination of, 620 
of skin, generalised lesions, 619 
physiology of. 616 
Furunculosis. 146, 147, 148 
Fusiform anaerobic bacilli, 468, 711 
Fusobacterium, 44. 
plauti-vincenti, 468 


of viruses, 814 

Finklcr and Prior’s vibrio, 414 
Fish, tuberculosis m. 262 
Five-day fever, 624 
Fixation of complement, 92, 94, 796. 
of tissues. 700 

of sections on slides. 776, 790 
Fi.\ing solutions. 790 
Flagella. 6. 37 
staining of, 784 

Flagellar agglutination, 102, 795. 
Flagellata, 069 
Flavoprotein, 18 

Flexner-Y bacilli of dysentery, 353 
Flies, coDfammation of milk by, 739, 
in relation to typhoid, etc , 333. 
Flocculation, 85, 104, 794 
with diphtheria toxin and antitoxm, 85. 
reaction in syphilis, 486, 729 
Fluofescin, 307 
Fluorescence microscopy, 245 
Focal infection, 175 

Fontana’s method for staining spirochaetes, 
786 

Food-poisoning, 145, 342 {See also 
Botulism 428 ) 
staphylococcal, 145 
Salmonella, 342 

bacteriological diagnosis, 345 
etiology, 344 

infection from animals. 344 
Foot and mouth disease, 508 
virus of, 668 

Ford's modihcation oi Mann's stain, 8i& 
Formaldehyde as antiseptic, 33 
Formol-corrosive fixative, 790 
Formol-saline fixative, 790 
Forssman's antibody, 97 
Foth's dry mallem, 303 
Fowl-pest, 531 
Fowl-plague, 602 
Fowlpox, 567. 603. 

Fowl-sarcoma, 602 
Fowl typhoid, 350 
FramboDSia, 488. 


Gaertner's bacillus, 342. 

Gaffkia, 43 
tetragena, 149 

Gall-stones following typhoid fever, 331. 
Gametocyte, 641, 645 
Garnet method for testing antiseptics, 
31 

Gas fortnafton, demonstration of, 755 
gangrene, 432, 709 
metastatic, 437 
Gastric ulcer, 175 
Gastro-enteritis, epidemic, 598 
Gelatin media, 739 

General paralysis, Tr. pallidum in, 482 
Wa5serJJ}ann reaction in,,4S6 
Generation, spontaneous, 1 
Gentian-violet, 777 
Geryk vacuum pump, 768 
German measles, 598. 

Giardia intestinalis, 669. 

Gremsa’s stain, 789 


for spirochffites, 787. 
ilcbnst's disease, 634 
landers, 299 

bacillus of, 299 ' 

agglutination of, 304. 
characters of. 300 
coltu'ation of, 301 
experimental inoculation with, 30. 
pathogenic action of, 302 
toxin of, 303 
viability. 302. 
diagnosis of, 30J 
in horses. 299 
n man. 299 
node of infection, 303 
lerura reactions in, 304 

«persensitiveness m, 3i'.> 

mdufar fever, 597- of. 

u«-tt-are. laboratory, preparation 


d bodies, 544 
la morsitans, 680, 684. 
alis. 670. 
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Glucose agar, 740 
broth, 737 
gelatin, "40 
Glutathione, 18 
Glycerol agar, 740 
broth, 737 
Gl> cogen, 6 

Gnerda's indole test, 757 
Goalpox, 6C0 
Gonidia, 8 

Gonococcus, 3S. 200. 207 

?lft 
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lermentavioii Uj. 
gro'vth requirements, 210 
immunity*, 213 
lesions caused by. 213 
o'odasc reaction. 209 
pathogenic properties of. 211 
preservation for delayed cultivation, 
215 

relations to disease. 211 
serological types of. 210 
toxin of, 211 
vaccines, 214 
vanants, 210 
Conorrhaa, 207 
allergy, 2U 

bacteriological diagnosis, 214 
complement-fixation test in. 213 
joint-aflecttons, 213 
scrum diagnosis, 213 
serum therapy, 214 
vaccines in, 214 
Gonorrhccal arthritis, 213 
conjunctivitis. 211 213 
endocarditis. 213 
septicaimia, 213 
Gradocol membranes, 528 
Grahamelia, 52C 
Gramicidin. 34 
Gram s lodme, 780 
method, 4, 779 

Hucker s modification, 781 
Kirkpatrick's modification for sect- 
ions, 781 

Kopelofi and Beerman’s modifica- 
tion of, 781 
modifications of, 760 
Weigert's modification of, 780 
Granuloma, coccidioidal, 628 
paracoccidioidal, 635 
venereum inguinale, 68G 
Granuiomata, infective, 60 
Griffith’s tjqiing of streptococci, 162 
Group-agglutmins, 106 
Guarnien bodies, 562 

H antigen, 105 

Hemagglutination by viruses, 660, 600. 
Hiemagglutinins, 102 
Hainiagogus capncomii, 576 
H^matopinus spmulosus, 687 
Hsemolysin in maiana. 652 
immune, 92 


Hxmolysm normal, 07 
Hemolysis by an.acrobiC bacilli, 422 436 
439. 441 el seq 
bycoliform bacilli, 315 
by diphtheria bacillus, 221 
by influenza bacillus, 389 
by pneumococcus, 184 
by staphylococci, 143 
by streptococci. 162. 153. 154 
by vibnos, 405 
Kaicnolytic sera, action of, 92 
streptococci, human lesions caused by 
164 

tests, methods of, 93 
tlvmophUtc bacteria, 388 

resembling B mfluenz®, classjfica- 
< tioD, 392 

Hxniophtlus, 43 
bronchisepticus, 400 
conjunctivitidis. S93 
ducreyi, 393 
influenzal. 206. 387 
influenzs-suis, 302. 393 
lacunatus, 400 
para mfluenzs, 392, 303 
para-pertus$i5, 399 
pertussis Uee Bacillus pertussis), 395 
llfmospondia, 640 
H-agglutinatioo. 105 
Haflkme's vaceme for plague, 372 
Hairy tongue. 639 
Halogens as antiseptics, 32 
Hanging drop culture of moulds, 769. 

preparations. 768, 773 
Haptens, 80, 238 
Haptophore group, 09 
Hartley s broth. 738 
Haverhill fever, 470 
HaverhiHia multiformis, 470 
Heart digest broth. 737 
Heart isater, 612 
Heat, effect on bacteria, 23 
Hcme-Medin disease, 542 
Hemispoia stellata, 633 


ion of 


tebniis, u lu. u • <, 
genitalis, 570 
virus, 670 
cell inclusions, 572 
immunity to. 571 
zoster. 569 

and vancella, question of relationship, 
569, 570 

Herpetic keratitis. 550, 670 
Heterogenetic antigen, 97 
Heterophile antibody, 97 
Hucupt epidemic, 549 
Hippurate. hydrolysis of by streptococci, 
158 

Hiss's method for staining capsules, 784 
serum water medium, 754 
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Hi^toplasma capsuJatum, 636. 
Histoplasmosis, 630. 

Hofmann's bacillus, 240. 

Hofj cholera, 631, 600 
’ Holder ' method for pastcurisint: milk, 
730. 

Horgan and Marshall’s medium for 
J3. diphthcri.-e, 753. 
Homiodendrum, 031. 

Horsepox, 657, 500 
Hoyle's culture medium, 753 
Hucker’s modification of Gram's method. 
781. 

Hudson’s modification of McIntosh and 
Fildcs' j.nr, 765 

Hyithironidase, 21, 05, 151. 153, ■13.8. 
Hydrogen for culture of anaerobes. 704. 
Hydrogcn-ion concentration, estimation 
of. 742 

Hydrophobia (see Kabics). 535 
Hj-pcrscnsitivcncss (see supcrscnsilive- 
ness) 

Hyph®. 012 
Hypliomycctcs. 015. 

of mycetoma, 405 
Hypochlorites as antiseptics. 32 
Hypodermic syringes, 8U3 


Idiosyncrasy. 134 
Immune-body. 81, 60 
action of, 00 

h.Titiolytic. estimation of, 01 
opsonic, 100 
union oh 02 
Immune-opsonin, 08 
Immunisation, actisc, I0«. 168 
and passive, combined. 120 
properties of sera alter, 
toxoid, 70 
Immunity, 71 
acquired, 71 
active, 72. 73. 

methods of, 72 
artificial, "2 
methods of, 73 
by dead cultures, 75 
depression, 74 
by feeding, 77 
herd, 125 
infection. 120 
by living cultures, 73. 


local. 77 
mass, 125 
n.itural, 71. 121 

non-stenlising, 60 

passive, 72. 118 
methods of. 73 
by sensitised cultures, 75 
tissue, 120 
by toxins, 70 
by toxoids, 76 
unit, 84 
by vaccines, 76 
to virus disease, 632 
Impetigo, 164 

Impression preparations. 77U 
Inclusion bodies, 60 


Inclusion bodies, staining of, 814 . 
of virus diseases. 530. 
conjunctivitis, .580 •• 

Incubation of cultures. 767 
Indi3-mk metliod for spirochates, 787 
Indicators, 755 

Indole production by bacteria. 315, 750 
Infantile diairhcea. bacilli of. 359 
and milk, 729 
paralysis, 642 
Infection, 47. 
carriers of, 49 

conditions modl^J^ng, 50, 54 
predisposing to. 50 
disturbances of metabolism in, 53 
droplet,' 715. 
focal. 175 
immnnity, 120. 
mixed, 5.) 

path of. effect on outcome, 55 
sources and modes of, 43 
spontaneous, in laboratorj" animals, 
806 

symptoms. 02 

and vitamin deficiency’, 52 

6T3. 


methods of e.xaniination. r7»- 
ifluenta, 3S7, 587. 
antiserum, 688 
diagnosis, 392, 592 
epidemic. 587. 

experimental transmission of. 68S 

in pigs. 588 
virus in, 588 

cultivation of, 589 
btemagRlutinatioo reactions of. 5»i» 
immunity to, .*>91 
vaccine, 591 
variations of, 590 
iflucnra bacillus, 206, 387* 
biochemical reactions, 33J- 
characters of. 38“ 

^„"r“o°Sa„ 3»< 

bxmolytic strains, 28^ 
in meningitis, 391 
„„tho<ls ol '“““‘‘S',® 
oreanisms related to. 39- 
verology of, 390 
V factor for growth, 
viability of. 390 

X factor for groivth. 388 

vfluenra.hke diseases of 
ammab. 59- 

locuJating room, 
loculation ofummals, 803 
nrotectivc. ^ 


domestic 


.1. 734 

iebraVinject'^n, 805^^ 
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Intrapentoncal injection, R04 
Intra^pinal injection, 805 
Intravenous injection, 80" 

Ins'olution forms, 8 
lodamfcba bilt-schlii, CGI) 
cysts of, C6I). 

Iodine as antiseptic, 32 
Indo-cycUtis, 175 
Isolysins, 1)3. 

Ixodes ncimis, 058 

Jahncl's method for staminR spirochn?tes, 
787. 

Japanese encephalitis, .551 
Jaundice, homologous serum, 579 
infcctise. .501 
' yellows of dogs, 50.1 
Jennerian vaccination, 557 
johne’a bacillus, 282 
Johnin, 282 

Johnstone and Zinnemann’s culture 
medium, 7,12 
Joints, gonococci m, 213 
Jvinfile >cUow feser. 57C 

Kahn's test (sjphihs). 487. 800 
Kala-asar, 688 
' Kataphylaxis 52 
Keratitis, herpetic. 530, 570 
Kerato-conjunctivitis. epidemic, r.98 
Kinetonucfeus, 072 
Kmetoplast, 672 
Kipp’s apparatus 7C4 
Kirkpatrick's method (or Gram's staining 
of sections, 731 

method for staining capsules, 734 
method for staining flagella. 735 
Klebsiella 44 
ozxns, 322 
pneunionis, 321 
rhinoscleromatis 322 
Klebs-LOfllcr bacillus {see Diphtheria 
bacillus), 217 
Koch’s phenomenon, 263 
postulates 47 
steam steriliser. 734 
tuberculin reaction, 204 
Koch-Weeks bacillus. 393 
Kopelof? and Bcertnan s modification of i 
Gram’s method, 781 ' 

Koser's citrate utilisation medium. 757 I 

Laboratory apparatus, infected disposal 
of, 772 

workers, precautions to be taken by. 

Lactic acid bacilli, 726 
Lactobaallus. 43. 726 
Lactohactenace.e, 42, 43 
Lamb dysentery, 43S 
Lambha intestmahs, 669 
l.aryngo-tracheitis. infectious, of fowls 
602 

Laverania malari®, 640, 649 
Lecithinase {D itelchii) 439 
Leishmann-Donosan bodies, 689, 695 




I^eishmanin bratiliensis, 695 
] differchtiation of, 695. 

‘ donovani, 688 
' cultivation of. 690 

experimental infection with. 69 1 
mode of transmission, 691 
infantum, 693 
tropica, 693 
txishmaniasis, 688 
chemotherapy of, 708 
insect sectors, 691 
laboratoty diagnosis, 095 
Leishmans stain, 783 
Lepra ceWs. 277 
Leprosy 276 

allergy and serum reactions, 2Sl. 
bacillus of, 277 
cuUisation of, 279 
distnbution of 278 
staining of. 277 
diagnosis o! 283 
etiology of, 280 
experimental inoculation. 280 
( mode of infection 281 
1 pathological changes in. 276 
1 of rats, 280 

tuberculin reaction in, 281 
types of. 276 

Wassermann reaction in 281. 

I Leptospira. 40. 45. 501 
) adhesion reaction with, 505 
i agglutination of, 506 
' akiyami, 508 
S andamao. 50S, 509 
I australis, 509 
I autumnahs, 508 
I batavix 508 500 
biflexa 590 
canicota. 598 
grippo-typhosa. 608 
heMomadis, 508 
icteroluemorthagiai, 39, 501 
antibodies to 505 
bacteriological diagnosis, 596 
characters of, 501 
cultiiatioR of, 302 
immunity reactions to 505 
inoculation with, 604 
source and mode of infection with, 
504 
mitis. 509 
pomona, 509 
pyrogencs, 508 
rachmat. 508 
salinem 508 
sejixc. 508 
Lepfothnx, 40, 460 
buccalis, 39, 460 

Lesions produced by bacteria 59 
toxins, 61 

Leucocidin, 66. 100 143, 153 
Leucocytes estimation of opsonic action, 
801 

Leucocytosis, 68 
Leuksruia m fowls. 602 
Leukins, 123 
LeuKotaxine, 147 
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Levaditi’s method for staining spirochxtes 
787, 

Lice in relapsing fever, 49C. 
trench fever, 524 
typhus fever, 514. 

Light, effect of, 21, 29. 

Ligniferes and Spitz’s actmobacillus, 463. 
Lipschutz bodies, 672 
Liquor cresolis saponatos as antiseptic, 33 
Listerella, 44. 

monocytogenes, 472. 

Listeria, 44 
Litmus, 755. 

Liver abscess m dysentery, 664 
Local immunity, 77 
Loffler’s blood serum, 748 
methylene blue, 778. 

Louping-ill, 603. 

Lowenstem-Jensen medium, 748. 

Luetin, 486 
Lumbar puncture, 809 
Lustig’s anti-plague serum, 374. 
Lymphangitis, 164. 

Lymphocytic chono-menmgitis, 206. 554, 
507 

Lymphogranuloma inguinale, 685, 697. 

chemotherapy of, 710 
Lymphopathia venereum, 585 
/S-Lysin, 1 23 
Lysol as antiseptic, 33 
Lysozyme. 40, 123 

Macchiavello’s method of demonstrating 
rickettsias, 615 

MacConkey’s bile-salt lactose agar, 749 
McFadyean's reaction for anthrax 
bacillus, 283 

McIntosh and Fildes’ anaerobic jar, 765 
Mackie and Finkelstein’s method for test- 
ing bactericidal action, 91 
Macrocomdia, 814 
Macrogamete, 647 
Macrogametocyte, 646 
Macronucleus, 672 
Macrophages. 68 
Mad Itch, 542 

Madura disease, organisms of, 464. 
Madurella, 465 
Mai dc Caderas, 686 
Malaria, 251, 640 
benign tertian, 640 
blackwater fe\ er in, 652 
chemotherapy of, 646, 652, 707 
control of. 654 
epidemiology of, 654 
experimental transmission of, 653, 656. 
hamolysin in, 652 
immunity to, 653 
laboratory diagnosis of, 650 
malignant, 649 
Maurer’s spots. 650 
of monkey, 650 
monocytosis of, 652 
mosquito transmission of, 654 
pathology of, 652 
plasmodiam, 640 

asexual cycle in man, 641 


Malana, plasmodmm, crescents, 641, 
cultivation of, 651 
exoerythrocytic forms, 641. 
gametocyte, 641. 645. 
macrogamete, 647 
macrogametocyte, 646. 
merozoite, 642 
microgamete, 647 . / 

microgametocyte, 646 
oocyst, 647 
ookinete, 647 

pre-erythrocytic forms, 642 
nng-form. 643 
schizont, 642, 643, 644 
sexual cycle in mosquito, 647. 
sporoblast, 64S 
sporozoite, 641, 6.48 
trophozoite, 641, 642 
varieties of, 648 
zygote, 647. 
quartan. 649 
qut^idiao, 649 
recurrences in, 647. 
relapses in, 647 

relation of mosquito to, 647, 654 
Schufiner’s dots, 649 
sub-tertian, 649 
Ziemann’s stippling, 649 
Jfafana parasites, 6-i0.e( seq 
cultivation of, 651 
speaes of. 648 
MaJassezia furfur, 638 
Malignant cedema, bacillus of, 440 
pustule, 292 
Mallein, 303 '' 

Mallcomyces, 43 
mallei, 300 
pseudomallei, 305 
Malta fever. 379 

agglutination in, 8S1. 


diagnosis. Sod 
epidemiology of, 381 
goats’ milk as source of infection, S8i. 
m man. relationship to Brucella 
abortus, 385 

methods of diagnosis, 3®- 
prophylactic vaccination, iX- 
spread of disease, 381 
mchunan typhus, 518 
lodler filter, 768 
methyl blue eosin stam. 814 
intoux’s tuberculin test, 2b4 

ipharside as chemotherapeutic a„ent. 

706 ■ 

irgaropus annulatus, ooa 

,rtinotti’s stain, 779 
iss immunity. 125 
istitis, bovine, 145, 158, 16 
letniditis. 164 


S prophyla’^is in, 596 
s of, 695 

irranean fever, 379 

rSo“,ph...s,«9 
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MelophaRU% osnnws 512 
MtninKitis. 154. 187, 197. 294 
acute aseptic, 574 
bacteriological diagnosis. 206 
due to B jnfiuenea?. 391 
bacteria causing, 205 
cerebro-spinal, due to mcninrococctUi, 
197 

precipitin reaction uith cerebro-spinal 
• fluid (meningococcal meningitis), 
203 

serum reactions (menttigococcal tneiun* 
gitis). 203 
tuberculous, 254 
Meningococcus, 197 
agglutination of, 201 
antisera for therapeutic purposes. 203 
biochemical reactions of, 194 
carriers of, 200 
characters of, 107 
cultivation of, 197 
(jipiococci allied to. 201 
distribution of, 199 
experimental inoculation with, 199 
fermentation reactions, 198 
identification of, 201 
infection, 200 

prepatatwn o( agglutinating sera, 202 
serological types. 20! 
toxins, 200 
MabtUty 109 

Mepaenne as chemotherapeutic agent, 797 
Mercuric chloride as antiseptic. 31 
as fixative, 790 

Mereurochrome as antiseptic. 3J 
Jlercury compounds as antiseptics. 35 
JleroMitc, 641, 642 
Slerthiolate as antiseptic, 33 
Metabolism, disturbances of, m infections. 

61 

Metachromatic granules 6 
MetchnikoS s theory of immunity, 99 
vibno, 411, 414 
Methjlene blue, 778 
polychrome, 779 
reduction test for milk, 731 
Methjl red reaction of Q colt. 314 
in water, 718 
Methyl Molet 779 
Micro-serophiho bacteria. 17 
Micrococcace*. 42, 43 
Micrococci, anaerobic, 21 "> 
related to staphylococci, 150 
Micrococcus. 37. 43 
catarrhalis, 204 
luteus 160 
lysodeikticus. 150 
parvulus, 215 
rheumaticus. 170, 172 
tetragenus, 149, 712 
urece 160 
Microgamete, 647 
Microgaraetocyte. 646 
Micronuclens. 672 690 
.Micro organisms, routci of discharge (tom 
body. 48 

viability outside host, 48 


Microscope, 773 
electron. 3 
plate culture, 762 
Mterosporon, 620 
audouini, 622 
equinum, 622 
/elmum. C22 
(urfur, 638 
lanosum. 622 
Microtus arvaiis, .>08 
montebelloi, 508 
' Milk, n abortus in, 381, "28 
B colim. 726, 731 
n melitentis in, 728 
B nelcliii in, 436 
bactenological standards of 729 
bactenoJogy of, 725 
certified, 729 

contamination by flies, 729 
as a culture medium. 749 
graded. 729 
designations of, 730 
methods of examination of. 731 
methylene blue reductioa test for 781 
pasteurisation of, 730 
pathogenic organisms in, 728 
souring of, 726 
standards of, 730 
sterilisation of, 730 
tubercle bacilli in, 728. 731 
Millers vibrio. 414 

.Minimum hemolytic dose (M H D ), 03 
lethal dose (M L D ), 83 
■ Mist ■ bacillus, 271 
.Mixed infection 75 
MocUer's grass bacillus. 27] 
Molluscucncontagiosum, 572 
Atoloney test, 333 

Monacrine, as chemotherapeutic agent. 

709 

Montiia albicans. 626 
pmoyi, 637 
^lonlllaSlS, 636 
Mononucleosis, infective, 697 
MoraX'Axenfeld bacillus, 400 
31araxetla. 44 400 
Morbilli, 595 
3totdants. use of 778 
Morgan s Ko 1 bacillus, 324, 339 
Mosaic disease of tobacco plant, 627 
3{osquitoes anti matana, 647 654 
and yellow fever. 675 
Motility of bacteria G. 12 
exatninattoci for, 773 
3foalds diseases produced by 619 
hanging drop culture of, 759 
Mounting of bacterial cultures. 771 
Mouth, normal bactenal flora of. 712 
JItrcor nntcedo. 6t7 

Macons membranes, normal bacterial 
flora of, 711 

Muir &, Rd , method for staining capsules, 
79* 

Muller s tetratbionate medium 751 
Slumps. 597 
Mas spicil^fus 509 
Mutation, 24 
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.■'lycetoma, 404 
fungi of. 4C5, 

.Mycobactemcca;, 45. 
Mycobactcnum, 45, 245. 
avmm. 2C0. 
berolincnsn. 27j. 
butyricum, 271. 
lepra;. 276, 277. 
paratuberculosis, 262. 
phltDi, 371 
pjscaim, 2(52 
smegmatis. 271. 
stercon<?, 27J. 
tuberciiJosis, 243 
bovis, 250. 
homtws, 244. 

.Mycomycctes, 614 
Mycosis of tofjgue. 460. 

.Myocartlitis, vjnis. (>00 
My.xobactenales. 42 
Myxomatosis, infectious, of rabbits i 
MjTcomycetcs. 3. 
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Nagaoft, 672. (S84 
NagJer’s reaction, 430, 454. 
Naso-pharynx, examination of, 207, £ 
normal bacterial flora of. 712 
Natural immunity. 71. 121 
supcrsensitneness. 135 
Necrobacillosis, 4G7. 

Necrotoxin, 143 
' Negative phase 84 
$taii)}T>g. 783 

Negri bodies of rabies. 537, 541 
Negro Jethargy. 677 
Neisseria, 43 
catarrhaiis, 204, 
flava, 203 
flavescens, 20S 
gonorrheex, 207 
jntracellulans. 197 
sicca, 205 

Neisseriace®, 42, 43 
Nejsser'3 stain for B. diphtheria, 782. 
use of, 218 

Nei-sser and Weehsberg, method of, 91 
Neisser-Wechsberg phenomenon. 91. 
Neoplasms, 61 

inlectious, of birds. 602 
of rabbits, 601 
Neurotropic virus, S32 
Neutral red, 755 

action of B coh on, 315 
NewcasCfe rfisease o/ foirls, 603 
Ntcola.s-Favre disease, 585 
Nicoffe's medium for trypanosomes, 676. 
Nigrosin staining method, 783 
Nitrates, formation of, 724 
reduction of by B coh, 315 
Nitrifying bacteria, 24 
Nitrites, tect for, 316 
Nitrobactetiacea:, 42 
Nocardia, 45, 455 
tenuis, 639 
Noguchia, 44 

Noguchi's medium for leptospira, 502 
Noma. 500 


Nomenclature, bactena], American »„ 
on, 41. 

Normal bacttnal flora of alnncntary toe 

female genital tract, 7J3 
mouth, 712, 
naso-pharynx, 7J2. 
paranasal sinuses, 712 
respiratory tracf.’712 
f skin. 711 

Nose s«-3b, 810. 

Novy and MacNeal's medium for fry 
panosomes, 676 
Nuclei of bacteria. 5. 

Nutrition and susceptibility to infection 
52. 

Nyka's method for staining of ncfcettsiE 
788. 


O-aggfutinatton. J02, JD3 
Obermcier's spinlJum. 402 
OTdema, mafignant, 446 
Oliara's disease, 477, 

Otdia. 014 

Oil immersion lens, use of, 773. 
O'Meara's modifii^atjon of Vpges and 
Proskauer’s reaction, 314 
Oocyst, 647 
Ookinete, 647 
Oomycetes. 614. 

Oospberes, 614 
Ophthalmia neonatorum, 213 
Ophthalmc tab^rcuhn reaction, 285 
OpsoQic action, OS, 800 
mdev, 801 
in pneumonia, 100 
Opsonin, OS, iSl, SCO 
Optoquine, 698 
Organotropism, 704 
Omithodorus erraticus. 498, 499 
ftrnnsi, 499 
moubata. 49S 
papifftpes. 499 
parken, 499 
savignyi, 498 
tuncata, 499 
Oroya fever, 525 
Osteomyelitis, experimental, 146 
suppurative, 145. 146, 164 
Otitis. 164 
media. 164. 188 

Oxidation-reduction potentials 19 
Oxidising airents as ant-.cptics. 33 
Orj'^nn. rcJ.iticn of. to bartena, 17 
ft Oxyphenatme, 307 
Orasna bacrilus, 309. 322 


l^ludrine as chemotherapeutic agent, 707 
Pamaqoin as chemotherapeutic agent, 70» 
Pancreatitis, 175 

Panstrongylu'i megistus. 68.3 

Vzptllaaiatosis, /nJrctious, of rabbits. GOl. 

PappaKici, 5S1 

ParalMsal body, 601 

Parachofera vibrios, 411 

Paracoioft bacdh, 326, 334 

Paraffin, embedding and cutting in, 77« 
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Parafuclisin as chcmotlicrapcutic a^ent. 
700 

I'aranasal sinuses, normal bacterial tlora 
of. 712 
Parasites, -IC 
I’arasitotropism. 70-J 
Paratyphoul bacjJIj, 327 

agglutination of, 32S. 33(1 
fermentation reactions of. 327 
pathogenic effects in animals, 32S 
presentive inoculation against. 334 
rough and smooth colonies of. 328 
toxins of. 329 
typing of. 339 
earners. 331. 342 
Parotitis, infective. 597 
Pars obacteriaccie, 42. 43 
Paschen bodies, 562 
Paschen’s stain, 810 
Passive anaphylaxis, 120 
immunity, 72, 118 
methods of. 73 
Pastciirclla, 38, 43 
avisepticn, 370 
boviseptica. 376 
group, 304, 376 

differentiation of members. 377 
serology and antigenic structure. 377 
haemolytica, 376 
lepiscptica, 370 
pestis, 3GS 

pseudotubcrculosis, 370, 378 
septica, 370 
suiseptica, 376 
tularensis, 477 
Pasteurisation of milk, 730 
Pasteur a method of exaltation of virul- 
ence, 73 

vaccination against anthrax, 294 
hydrophobia, 639 
Pathogenic fungi, 6J2 
organisms, 46 
spirochxtes. 479 
trypanosomes. 672 
Pathogenicity, 46 
Pediculus humanus capitis, 314 
corporis, 614 
Pemphigus. 145 
Penicillin, 098. 700 
as antiseptic, 34 
as chemotherapeutic agent, 709 
culture media for counteracting presence 
of. 741 

estimation in body fluids, 812 
mode of action, 703 
Penicillinase, 741 
Penicillium, 618 
notatum, 698 

Pentamidine as chemotherapeutic agent, 
708 

Peptic blood digest medium of Fildes 
389 

Peptone water, 739 
agar, 740 

Penostitis, suppurative, 145, 146 
Peritonitis. 165, 212, 316 
pneumococcal, 188 

57 


Pen-urefhral abscess, 212 
I’etn and Kabinovvitsch’s butter bacillus 
271 

Petn’s dishes, 759 

I’etrofis method for isolating B tuber- 
culosis. 274 
I*/«ffercl)a jnafJci, 300 
pscudomallei. 305 
Pfeiffer's influenza bacillus, 387 
reaction, 90, 400 

Phagedamic lesions of the genitalia, 469, 
500 

I*hagoc)tes combined action with serum, 
123 

Phagocytosis, 08, 121 
Phenanthridiutn compounds as chemo- 
therapeutic agents, 700 
' Phenol as antiseptic, 33 
I I^ialophora, 631 
Phlebotomus argentipes, 692 
caucasicus, 694 
fever, 700. 581 
major, 603 
pappatasii, 604 
pemiciosus. 693 

Photography by ultra-violet light, 528 

I'hthiocerol, 247 

Phthioic acid, 247 

Phycocyan, 3 

Phycomycctes, 614 

Physical characters of bacteria, 12 

Physiology of bacteria, 13 

Piedra, 638 

Piedraia hortai. 638 

Pigments of bactena, 11 

Pinta, 490 

Pipettes, measuring with, 703 
Piroplasma, 657 (See Babesia ) 
Piroplasmosis. chemotherapy of, 708 
Pirquet’s tuberculin test, 264 
Pitfield’s method for staining flagella, 
786 

Pity nasis capitis, 632 
versicolor. 638 
Pityrosporon, 632 
Pfague. 364 
antisera. 374 
bacillus of. 364 
agglutination of, 373 
cultivation of, 3BC 
distnbution of. 367. 
experimental inoculation viith. 368 
bacteriological diagnosis, 375 
bubonic. 367 

epizootics ID vanous wild rodents, 

371. 

fleas as vectors of, 369 
Ha&kioe's vaccine, 372 
immunity, 372 

infection in rats, recognition of, 375 
lesions m, 367 
modes of infection in, 369 
pnenmonia, 367 
infection in. 372 

preventive vaccination against, 372 
septicaemic, 368 
serum diagnosis, 373 
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Plague vaccine. 372 
Plalfins. 123 
Pla'^modium, 040. 
falciparum, 040, 040 
knowicsi, 650, 051 
roa/ariit. 040, 64Q. 
ovale, 040, 650 
vivax, 040, 040 
Plasmolysis. 12. 

Plasmoqum as chemotherapeutic aRent, 
707 

Plate culture microscope, 7C2. 

Plate cultures, 750 
Platinum uires, 7,17 
Picomorplnsm, 2, 24 

Pleuro-pneumonia, bovine, organisms of, 
474 

Pncumobacillus of Fnedlamler. 321 
lesions caused by, 322. 
serological types. 322 
I'neumococcal infections, I8C 
scrum therapy. 104. 

Pneumococcus, I70, 205. 
agglutination of. 103 
antisera, 189, lOO. 104 
standardisation of, 105 
autolysis, 183 

bacteriological diagnosis, 190 
biochemical reactions. 182 
characters of, 170 
cultivation of, 180 
experimental inoculation, 184 
htemolysm, 181 

immunity to, l88 ; 

lesions caused by, 188 

mucosub, 179, 18(, iOO. 191 

prophj lactic vaccination against, 195 

relations to streptococci, 183 

bpecitic substances of. 102 

toxins of, 184 

transformation of types, 193 
types of. 190 

identification of. 193 
variants of, 182 
viability. 182 
Pneumonia. 170 

prophylactic vaccination against, 195 
septic, 188 
staphylococcal, J45 
treatment uith antisera, 194 
types of. 187 
\ irus. 594 
Poisons, animal, 88 
vegetable, 08 
Poliomyelitis, 125, 642 
cell inclusions, 546 
diagnosis of, 648 
experimental transmission, 541 
immunity, 54C 

methods of investigation, 648 
modes of infection, 545 
pathology of. 544 
virus, 206. 044 

Polychrome methylene blue, 778 
'Polyplax spinulosus, 518 
Porademtis. 685 
Post-diphthentic paralysis, 2lT 


Post-mortems, bacteriological examin.n 
tion in, 811, 

Post-vaccinal encephalitis, 554 
Potato media, 749 
PrausnitzvKlistner reaction, J34 
Precipitation, mechanism of, 101, 109 
Precipitinogen, lOS 
Precipitms, 107. 
and anaphylaxis, 131. 
in pneumonia, 192. 

Precipitoid, 108 
Pretsz-Nocard bacillus, 241 
‘ Premunition 50 
Proflavine as antiseptic, 33 
as chemotherapeutic agent, 709 

.- ' r :io. 

i*. 1 • • 


I I'. •• • • . , , ,1 'gent. 

708, 709 

,Propj'lene glycol as air disinfectant, 717, 
as antiseptic, 34 
Protective inoculation, 73 et srq 
I Proteolytic group of an.'erobes, 433 
Proteosoma, 040 
Proteus. 44. 308 
capsulatus, 308 
rmrabihs, 308 
roorgant, 354, 359 
OX-K. 517. 520 
OX-19 fXlD). 303, 617, 
vulgaris. 303 
icnUn, 308 
Protista. 3. 4 
Pfotoioa, pathogenic. C40 
Pscudo-diphthena bacillus, 241. 
Pseudo-farcy, 241 
Pseudomoftadaccc'B, 42, 43 
Pseudomonas. 43 
nniginosa, 306 
fluorescens. 307 
Pseudo-rabies, 542 
PseuilospirochiEtes, 600 
Pseudo-tuberculosis hominis strepto- 


thneea, 464 
ittacosis, 582. 
omatne poisoning, 342 
icrperaf infection, 270 
sepsis, 158, 264. 170 
septicaemia. 264, 270 
gh’s stain for B rliphtheni!, ««3 
uncture ' cuJtures, 757 
ipte bacteria, 31 
s, preparations from. 775 
jimia. 139. 145, 1C4 
•f fis, Slfi 
yinase, 307 
jiyaDin, 11, 34, 307 
-^leuic ^cteni, 13^ 
occi, 139 

toxins of, 143, 153 
ifections, chemotherapy of. 70S 
.Samsms, mode of ont™'* 

o'. 

acaerobes. 765 
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Q fe\CT, 

Quartan malaria, *>I9 
Quinine and biackwater fe\er. 6oi 
as chemotherapeutic agent, 707 

Rabbit'S, encephabtia ot, 554 
infectious ncoptastns of, fiOf 
Rabic'', 035 

animal inoculation test, 542 
antiserum, 541 
diagnosis of. S4l 
evpenmental inoculation of, 530 
motlcof transmission, 53 > 

Negn bodies in. 637. 541 

Pasteur's vaccine, preparation of. 533 

pathology of, 530 

prophylaMs by saccinalion. 53ft 

street virus, 533 

transmitted by sampirc bat, 536. 
types of. 63,5 

xaceine. Ilfigycs' method, G-fO 
neuroparalytic accidents, 340 
Semple’s method. 540 
virus of. 537 
fixe, G33 

Rabinowitsch's butter bacillus. 271 
Radiations, bactericidal eOect of. 2ft 
Ramon's fiocculation reaction fid 
Kat trypanosomiasis, 6S6 
Rat-bitc fever, 471. 500 
Rat ' viruses 313 
Ratm. 343 

Rattus norvegicus {decuraanus}. 371 
rattus, 371 

Rauschbrand bacillus, 443 
Ray fungus 4SS 

Reaction of media, adjustment of. 742 
Receptors. 704 
as antitoKin, 115 

Reducing agents as antiseptics 33 
Reduction of nitrates by 0 coli, 3i5 
Red-water /ever, 6S8 
Refngeration, 770 
Relapses in malana, 647 
Relapsing fever, 492 

bacteriological diagnosis, 493 
immunity in, 495 
louse transinission of, 406 
mode of transmission, 407 
serological reactions in, 495 
spirochstes, 492 
characters of, 492 
cultivation of. 493 
experimental inoculation with, 404 
immunity to, 405 
immunological difierentiation of, 
498 

relation to the disease, 494 
tick transmission of, 497 
varieties of, 498 
Relief staining for capsules, 784 
Resolution, nucroscopic. limit of, 52S 
Respiratory tract as source of strepto- 
coccal infection, I7G 
normal bacterial flora of, 712 
Reticulo-endothelial system, 52, 58 
Retortamonas intestmalis, 670 


Rhesus (llh> factor, 97 
Rheumatism, acute, 170 
aftergic reactions in, 172 
chronic. 175 

Rheumatoid arthritis J7o 
Rhinitis. 188 

Rhinasclcroma, b.icillus of, 322 
Rfirnosporidiosis, 630 
Rhmosporiiiium scebcri, 030 
Rhipicephalus appcndiculatus, 6^8 
cvertsi, 658 
viagtitaeus, 520 
Rhitobiace.t, 42 
Rhviopus nigricans. CIS 
RiCin. 68. 77, 85 
Rickettsia bodies, 512 

antigcmc structure. 319 
staining of 51.5. 788 
acan 521 
butneti, 522 
can»s, 625 
dtsponca, 522 
group. .612 
infections. 512 
chemotherapy of 710 
fuelophagi, 512 
mooscTi, 618 
onentahs, 621 
pedreuh. 5J5 
prowazeki, 513 
quintana. 524 
rickettst. 519 
rocha-limas 516 
Tummantium. 526 
uei^h, 525 
Rickettsia) pox 520 
Rickettsiales, 42 

Rideal and Walkers method for testing 
antiseptics, 31. 

Kieckenbetg's adhesion phenomenon, 107, 
675 

Rift Valley feier, 67ft 
Rinderpest, 631, 599 
Ring-fortns of malaria parasites 643 
Ring test. 107 
Rmgisonn 629 
parasites, cultures of, 023. 625 
small-spore, 620 

Robertson s cooked meat medium, 739 
Robin, 68 

Rocky Mountain spotted fever, 519 
Komanovisky' stains, 788 
Romer s test 230 
Rose bengal, 779 
Rosindole reaction, Ehrlich's, 756 
Ross s ' thick iilm process , (malana 
diagnosis] . 656 
Rous sarcoma. 602 
vims, 531 
RubeUa, 596 

Russian spring-summer encephalitis, ,552 

Saccharotytic group of anaerobes 433 
Sacchaeomycet^s, 815 
Sacbs-Georgi reaction m syphiliv, 799. 
Safranin, 777 
St Louis encephalitis, 551 
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polychrome mcthytene blue 
788 

Pufib s. 783 
Komanawsky's, 788. 
rose bengal, 779 , 

Zielil-NeeJscn's, 770. 

Stalactite growth, SCO. 

Standard agglutinable cultures, 704. 
of miilf, 739 
of purity of uatcr. 721 
Standardisation of antitoxin. 82, H.’i 
Staphylococci. 140. 206 

active immunisation against, 167. 
biochemical reactions of, 142 
carbohydrate antigens of, 148 
classification of, 142 
coagulase. 147 
endotoxin. 14.'3 

experitncnt.il inocul.ition, 14.7. 
habitat. 145. 
hxmolysins of, 143. 
human lesions caused by. 145 
immunity against, 147 
infections, sources of, J40 
vaccine treatment of, 177. 

IcucQcidins. 143 
mode of pathogenic action, 147 
necrotoxin. 143 
serological reactions, 147 
torina of. N3. 144 
toxoid of, 145 
vaccmc!, o{, 147 
•Staphylococcus, .17, 43 
albus, 711 
ascoformans. 142 
aureui, 711 
ccreus albus, 142 
llavus, 142 

citreus, 142 

epidcrmidis, 1411 
albus, 142 
par'ulus. 215 
pyogenes albus, 142 
aureus, 140 

Stcgomyia fasciata, 575 
Stenbsation. 27 
by chemicals, 710 
by dry heat, 73$ 
by filtration, 730 

by high pressure saturated steam, 735. 
at loiv temperatures, 735 
methods of. 733 
of milk, 730 
by moist heat, 733 
Sterility, maintenance of, 730 
Stiibamidine as chemotherapeutic agent. 

706 

Stomatitis, contagious pustular. 66b. 

vesicular, of horses, 569 
' Stormy clot ’ reaction, 436, 72$ 

Stormy fermentation of milk, 436 
Streptobacillus moniliformis. 470 

pleuropneumonia-Jike symbiont. 472 
Streptobacteriacea:, 42, 43 
Streptococci, 1.50. 20.'5 
aerobic, 159 

.allergy to m acute rheumatism, 171 


Streptococci, anaerobic, 157. ISO 17o 
antigens. ICO 
antisera, 177. 
antitoxin. I77 
bacteri;emia. 173. 
biochemical properties, 156. 
classification of, 154. - • 

cultivation of, 161. 

'endotoxin, 171 
allergy to. 167 

experimental inoculation, 163. 
faxral, 157, I59. 
m soil, 725 

fermentation reactions of, 132. ISO. 
fibrinoly.sin, 153 
Critnth's type, 162 
h.x-molysins of, 152, 153, 154. 160. 
haemolytic, lesions caused by, 164, 165 
immunity to, 177 
infections, chemotlierapy of, 919 
sources of, 175. 
spread of. 176 - 

l.anceficld's serological groups, 160. 
leucocidins, 153 
inoq)ho/og>' 154. 
of mouth. 159. 

serological classification of, 159, 162. 
toxins of, 163 
vaginal, 170 
variants, 160 
viability, 153 
m water, 719 
Streptococcus, 37. 43 
agalactia*. 156, 158. 728. 
anginosus, 156 
Aronson’s. 158, 183 
durans, 15? ^ 

disgalactia*. 159. 
epidcmicus, 168 
oqui, 16) 
equinus. 156 
erysipelatis, 154, 109 
fxcalis. 154, 156. 157, 159. 
lactis, 159. 72C 

mcsenteroides. 37 ^ 

niitis, 156 
mucosus, 158, 184 
pyogenes. 151. 155, 160 
biochemical reactions, 152. 
toxins, 153 
viability. 153 
rheumatic. 170 
saJivanus, 156 
saprpphyticus, 154 
scarlatinae, 165 
antitoxic sera, lOt 
identity of. 165 
serological 
toxinsof, 16*1 
type o. 154 
type ft 154 
type y. 15? 
ubens, tot' 
v’lndans, 154 
>ymOgcoes. 157 
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Streptotlinces, 40 
Streptothnx actmom>ces. 4.V'> 

(Bostrem}, 461 
characters of. 45.> 
flsr.-«cl and W'oJfT), 460 
1 ppinRcr’s, 463 
madura*. 464 
■ Stroke ' cultures, 7.'>8 
Stuart's medium for leptospira. 303 
Styryl quinoline djes as chemothera- 
peutic agents, 7nc 
SulKulturc, 7.78 
Subcutaneous injection, 804 
Subdural injection, 80*i 
Substance sensibilisatrice, 81, 0!», Oi 
Sub-tertian malaria, 649 
Sugars, fermentation of. 7.74 
Sulphadiarine. as chemotherapeutic agent, 

709 

Sulphaguanidinc .is chemotherapeutic 
agent. 709 

Sufphanitamidc as chemotherapeutic 
agent, 700 

^ulphasuxldlnc as chemotherapeutic 
agent, 709 
Sulphathiarole, 703 
Sulphonamides, 709 
culture media for counteracting presence 
ol. 741 

effect on pneumococcus, 190 
estimation of sensitis eness of organisms 
to. 813 

mode of action, 707 

Sulphones as chemotherapeutic agents, 

710 

Sulphur bacteria, 41 
Sulphuretted }t>droi?en production. 737 
Sunlight, bactericidal effect of, 29 
Supennfection 1 JO 
Supersensitivcne^^, 1J7 
m glanders, 301 
natural. 136 
m tuberculosis, 203 
Suppuration, nature of, 139 
Suppurative conditions, 138 
Suramin as chemotherapeutic agent, 700, 
706 

Swamp feser, ofli 
Swine erysipelas. 47J 
fever. COO 
influenza, 688 
Swineherds' disease. Sob 
Swinepox, 560 
Symbiosis. 13 
Symplasm, 8 

Synerjjic action of bacteria, 1.7, 754 
Syngamy. 647 
Syphilis, 479 

bacteriological diagnosis of, 487 
chemotherapy of, 706 
experimental transmission, 48J 
flocculation reaction in. 486, 799 
immunity in, 483 
Kahn s test in. 487, 800 
Meinicke reaction in. 799 
Sachs-Georgi reaction in, 799 
serum diagnosis of, 486. 796 
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Syphilis, Wassermann reaction in 48 (i, 7!W 
Syringes. 808 

hypodermic, 803 

labardillo, 518 

Tcllunte medium for B diphlhrn.r 7.7J 
Temperature relations of bacteria 20 
Tetanoij'sin, 42J 
Tetanospasmm. 422 
Tetanus, 416 

antitoxin, use of 426 427 
bacillus. 38, 416 
agglutination of 428 
characters of, 416 418 
cultures of, 418 
distribution of 419 
isolation of pure cultures uf, 418 
pathogenic action of. 419 
relationship to disease 419 
serological t> pes 428 
toxin of 422 
liability of. 419 
bacteriological diagnosis of 428 
dolorosus, 435 
expenmental. 421 
idiopathic 430 
immunity against, 42.7 
preventive antitoxin treatment 427 
toxin, action of, 423 
toxoid, active immunisation with, 428 
Tetracoccus. 37 

Tctrathionatc medium of .tfuller, 731 
Texas fever, 678 
Theileria parva, 526. 658 
Therapeutic index. 609 
I 'Substances llegulations, 23.1. 266 
' Thermophihc b.ictena 20 
Thiobactena. 41 

Thioglycollic acid culture medium. 764 
Thionin. 777 
Thiothrix. 41 

Thread reaction of bacteria, 107 

Throat swab. 810 

Thrush. 636 

Tick borne fever. 573 

Tick fever. 497 

transmissioa of relapsing fever, 497 
Timothy grass bacillus. 271 
Tinea. 620 

Tissue immunity, 120 
Tissues, changes produced by bacteria, .78 
fixation of 790 

sections, microscopic ex.-iminatioii of 
776 

Tobacco plant, mosaic disease of, 527. 
Toluidine-biue. 777 
Tonsillitis, 164 
Torula htstolytica, 615 
Tonils 615 
Torulosis 632 
Toxic action, theory of. 69 
Toxins, animal, 68 
bacterial, 62 
diphthena 323 

effect of partial saturation by antitoxin 

87 

estimation of, 83 
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Urine, penicillin estimation in, 812 
tubercle bacilli in, 2d4. 

Urobacillub septicus, 308. 

Vaccination, 77. ■ 

Jennenan, 557 
against smallpox, 5.57 
Vaccine, Calmette’s BCG, 269 
Ijtnph for smallpox immunisation, S58, 
607 

Vaccines, 73. 
in corj’za, 59 1. 
in gonorrhoea, 214 
preparation of. 802 
sensitised, 75 
staphylococcal, 147, 177. 
streptococcal. 177 
treatment by. 76 
Vaccinia, 557 

agglutination of chicken erythrocytes 
by virus, 666 
antibodies m. 664 
cultivation of virus, 562 
elementary bodies, 562 
expenmental inoculation, 5«>9 
immunity reactions, 664 
inclusion bodies, 562 
nature of virus, 561. 
resistance of virus to various agents. 
662 

site of virus, 502 i 

cultivation of, 662 i 

Vagma, normal bacterial flora of, 713 
Variants, rough, 25 
smooth, 25 

Variation among bacteria, 24 
Varicella, 569 

and herpes zoster, question of relation* 
ship, 609, 370 
Variola, 201, 557 ‘ 

(See Smallpox), 557 
^’egctable poisons. 68 

immunity against, 85 
Veillonella, 43, 215 
gazogenes, 216 
parvula, 216 
Venoms. 68 

Verrucous dermatitis. 631. 

Verruga peruana, 52S 
Vi agglutination, 795 
antibodies, 103 s 

antigens. 103 

Vibrations, bactericidal effects oh 30 
Vibrio, 2, 40, 43 

choleras (see Cholera vibrio), 59, 402. 

comma, 402 

of Denekc, 414 

El Tor. 410, 412 

of Finkler and Prior, 414 

feetus, 415 

jejum, 416 

metchnikovi. 411, 414 
of Miller. 414 
paracholeraj. 411 
phosphorescens, 411. 416 
proteus. 411, 414 
Vibnon septique, 440 


Vibnon septique. antigenic structure 
443. 

biochemical characters. 441 
cultural characters, 441. 
differential characters. 450 
expenmental inoculation u-itb, 442 
immunity to, 442 
occurrence in animal diseases, 442. 
toxin, 442 

Vibnos, ‘ cholera-like 410. 

phosphorescent. 411, 415 
Vincent's angina, 468, 499. 

fnfectioD, 469 
Vtcales, 42 
Virulence. 54. 100 
attenuation of. 74 
exaltation of, 75 • 

Virus, ' B 354 
I III of rabbits, 630. 

Viruses (see also Filterable virus), J, 527. 

' conditions of growth, 629 . 

I derraotropic, 532, 557 

' filterable, demonstration of, 814 

' identification of, 534. 

infections, chemotherapy of, 710 

immunity to, 532 
interference effects, 533 
nature of. 534 
neurotropic, 532 
pathogenic action, 530 
preservation, methods, 819 
ultramicroscopic, 1, 527 
viability, 529 
viscerotropic, 532. , 

Viscerotome, 575 

Visibility, microscopic, limit of, 528 
Vitality, diminished, as predisposing 
factor to infection, 31 
Vitamins, bacterial. 12 
deficiency and infection, 52 
Voges-Proskauer's reaction, 314. 

for B coh m ivater, 7J8 
Vole bacillus, 261 
Volutin granules, 6. 11, 218 


Ifaura'i. medium for production of 
staphylococcal toxins. 144 
rts, 573 ^ 

ssermann reaction, 486, 796. 
antigen for. 797 
m bezel, 490 
m frambeesu, 487 
in general paralysis, 486 
in leprosy, 281 
la y3»s, 487 , 

St of cerebro-spmal fluid, .08 

er. B coh test for pmity 
720 

dysentcTue m, 720 _ 

irelchu. 'iL 

cterial content of, 718. 
cteriology of- ' 
lormation. 32. 7-0^ 
olera vibno in, 72, 

llection of samples, ...,y 

ntamination of, by sew. g . 

;ratiQP of, 720 
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Water, methods o/ pxamination of. U7 
pathoRenic bacteria m. ",i0 
standard of purity o(, 721 
streptococci. iJctection of, 719 
typhoici-parat^phoul RWup m, 7ii 
Mbno cholcr.T >n. 722 
Weigcrt'i! Rsodificalcon ol Gram s mcthotl. 
-SO 

Weil-rdix reaction. 300. ftl7. 622 
Wed's disease, 601. 

b.acten£>3i>flical diaRnosn. .70*) 
therapeutic antKcr.a, ,Ws 
West N'dr cnocfOialitis, 5')2 
77et prcp.ar.alions, 773 
\t'hoJe-blood, bactrncidal action of. 02 
Whoopiftp-couRh, 303 

baciff«s, characters of. 30<i 
diagnosis, 300 

methods of e’caminstion tn. 3y0 
question nf a filterable Mrwt in, 398 
vaccin.ation ajiamst, 390 
Widal reaction. 330. 

in vaccjmrted persons, 338 
WjJ.son and IHiur'a medium, 73f 
Wolh'.'ttian feser. SSi 
Woolsorter'ft Uise.ate, 293 
Wound mfectiona. anaerobes of. differ, 
cntiat characters of. 4 30 
anaerobic, 432 

bactcnolo^ical dugnosts of. 449 
chemottierapY o/, 30‘J 
Wounds, suppurating I?*) 

\S right's A. li . method (or testing 
bactericidal action 9i 
method for testing opsonin^ 800 


I X-d»seasc, S.32, 

I Xcnodiagnosit, di 
I XetropsyUa chenpis, 370 518 
I Xerosis bacillus, 24!, 7!} 

! X-rajrs. bactericidal effects of 20 
i Xylol at clearing agent. 777 

. Yaws. 488 
' Yeasts, 616 
Yellow fever, 374 
causation of, 673 
cell iociusions tn. .177 
erpenmental transimsbion o( i70 
histofogrea} thanges m )ji-cr. 67.7 
tmmunttv, .777 
jungie, S7G 

patiiotogicat changes in 574 
prevtntue inoeuiation, 378 
transmission of. 77.7 
virus of, 373 
ncurotropic 577 
vijcetotropir 577 
' Vellovts ■ of dogs, 507 
Yersm’s anti-pJsgue scrum 374 
3olk*vac jnociiUtion for virus lultiva- 
tion. 819 

Zenker fixatives, TOO 
Ziehl-Neeben carbol fuchsin, 779. 

Zremann s stippling CIO 
Zone phenooienon 1 10 
Zoogloea. 4 
Zygomycetes. CU 
Z\gospore, 614 
Zi’gote 647 



